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IMTtOOOCTION 


*How Many Oil-Drums, Boss?' 


Thfy ny of the Atcdc Sumval Comse, you (orvive, you’ve paøed' 
Well, I had pasied. I had lorvived die tigoun ofthetrainiog whidibas 
to be eadured by tervice mat, or win dviliani, wbo are likdy to be 
expowd CO the bazaidi of tbe Froza North. We bad been lazided by 
aircnfc oo an Axcdc iiland, wich Rtlcimo guides, to leam bow *co Uve 
oiTthe land'; oaccfa fish through aevaifiKt of ice; hune our (bod; sleep 
in mow houaes; cope with blåzards; aod come to ternu witb tempera¬ 
tures of 50* below zero and knifc-cdged winds. I had ‘pasied’, wich 
giatitude fer an expetieoce wbich wat to serve me m good ttead on my 
ferther traveU in the Polar tegioos, and with an umtinced admiratioo 
for tbe Ealdmos. 

We were back tn base camp oa Victoria Island, in the Beaufett Sea, 
and a U.S. Air Force aircrafe had orrived feom Edmoatoo to take me 
off. The oew had expected to ^end die weekend in Florida and been 
luddenly posted to the Arctic instead. It was cbeir first experknce of it 
and they had not got mentally acchmatised. They had landed on sea toe 
and had ne^ected what othen would have r^arded as elementary pce> 
caution. Ovemight tbe engisies had feozen up (chat could be ’cured' by 
itnng a giaot blow'lamp) but they had aho been wamed to felter their 
petrol ferom the oil-drusu whicfa had been stored in die open. The 
ceason for felteting is that ice crystali form in the odl-druns and can get 
sucked into the engine. 

They did. Nuggetsofice lodged in the carburector and nothing could 
shift them. There wis only one thing to do - dbmande the engine. The 
crew brought die big carburetcor into oor hot and outsed k, like an 
orphan lamb. in^feont of our stove. For hours and boors, they tried to 
find the block. 

Dave, oor Ftkimn guide, miniscered to tbeir creanite comferts with 



xai ‘how mamy oii-dbums, »o$s?* 

oonsttnt mugs of coSée and as he did so he watdied. Tite catbutettor 
was quice iwi^TwiHar (Q him but prcaendy hc came to ne and asked 
wbetber be could t^ them ^sdscre die blockage wu. He did; and there 
k was! All be bad done was to obsenre what tbey did and whae they did 
not do. 

Hus guide was a remarkable cbap. (Indeed most Eskimo« are remark¬ 
able dups.) He was a tutural and be oould contrive anyching 

out of a metal oil-druin. Kitcfaen stoves were hk specialcy but he had 
even made a refrigerator! He boasted bis prowess witb oil^rums. 

One night, in the base-bue, Scott Alexander, a (bnner Mounde wHo 
was tfaeCominanding Officer ofArcdcSurrivaktried to teaschim. He 
ihowed him a pictute of the Qwm Eixabttk ocean liner, told him how 
hig k was, and taid ’You couldn’t make that. Dave, could you?* The 
studted it doaely and said, 'How many oil-druxns, boa?' 

The point of the story is not tbat the Eskimos have a sense of homoui, 
but tfaat ffiey are ready to tyklp anything in the modem world. As the 
Arctic has opened up, with construedoo camps. radar stadens, air bases 
and minii^ centres, engineermg cootiactoo have discovered the sux- 
prising abilitks of the Eskimot. They are intuidve engineen. With 
telachrely litde craining an Eskimo can handle tractors and bulldozen as 
sveO as, or better tKan, KiUeona. the Whice Man - wfao is apc to forget 
that snow-shiitmg is not muek-shifting and dut snow can be very 
tou^ indeed. Tbey leam very quidcly how to repair and maintain the 
madunery, or decthcaL And, of coune, they know oMire 

aboot Arctic condidoos than visiton are likely to leam. 

That is why they call the Eskimo ImtuU, the Real Man. They know 
that KtAlcma cannoc exist in P-tkimf> country without a welter of 
dvUised equipment such as bated houses, radios, airetaft, suppiy ships. 
and to on. w^ everything an Eskimo fiunily needs to fustain lifc under 
the haeshest condidons can be earried OQ a single dog iledge. When 
JGsklMM goes travelling by Und U is Imtuit wbo must diow him the 
way. So, snee he cin kam White Man's wayi qmeker dian the Wfatte 
Man can leam his, the Eskimo, without arrogance, knows that be is the 
Real Man. 



‘aOV MANY OIL-DSOMS, BOSS?' mi 

The mechanica] aptiraJes of the Eildmo ue certainly remarkaUe. I 
heard at first band tbe story ofaaEskunoboywHomlmetatamusiooary 
schoolat Aklavik,onthcMackeimeI>du, tao miles nortb of the Arctic 
Gårde. He was given a present of a watdi and he did wbac every boy 
wano to do, but \dut only an Eskimo boy would dåre do. He im- 
mediately took tfae wateb to ^ecei. The cfaapel betl rang. He put the 
pieces in hiscap and stufied it in bu pocket, and, aftei chapd, wentto 
bed. The next day be put tbat watdi together agaia. >^ch is otte 
rcasoA why the Canadian Government are now training Bskimos as 
highly profident watchmakert, radio en gin rers, etc 

The cxplanaboo of the medunical apdcuda of the Eskimos is fiuxiy 
obriotn, wben you eome to think of it. It ø a high degree of Natural 
Selection. For 4,000 yean, the Eskimo bas survived in the soow deserø, 
The Barrens. Only those with teute eyeatgbt and a pbotographic 
memory could thus suivive becaose, travclhog over wide expatues of 
mow-<overed landscape wfatch dtifo and changes, pin-pointii^ per- 
manent landmarks becomes a natoral and insdnedve, sobeonsdous 
fuulry. Tbey devclop a bluepeint mind. Combine that with fingen 
which have to bc nimble and with the låct that, dirougb aD these 
thousands of yean. dsey have had to improvbe Tbey had no wood, 
bccause they hved beyond the tree line. Tbey had no metal, excepe some 
native copper around Coppertnme River, in the Central Arctic. Tbey 
had the pelo and bones of the sea and land cteatures which they honted. 
They had slate and soapstonc 

I have met Eskinios who. until thirty years ago, had nevet seen a 
White Man and who had hved in the Stone Age. They made cheir bows 
- remarkable weapoas - by laminating articulared cariboo bone, and 
springy whalebone, bound with cahbou sinew. Their arrows and spean 
were tipped with slice. They hunted the cahbou for hundreds of miles, 
by slcdge or on fboc. They fashioned their tnow knivei, to ent the firm 
soow for tbeir igloos, &om ivocy 01 bone. They would sit £br houn 
by tlteseal’sbreathingholeiatheicewaitingtoharpoonitwhenitcaiDc 
up for air. In summer they would go to sea to duse the walrus and the 
Seal in ikin-canoes (juyisks), or in rbeir skin-boats (miyeks), which 
could b(dd a hunting crew. 

Yet chose &kimos would step uncoocemedly into an ainzaft. 
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handle a radio let m take a gdgcr connter witb them co find tuaniuzn, 
oo tbe way to thett trap lines. But, still, in the Loog Night, they carve 
their traditioosl toapttoae and ivocy figtirines. 

Becaiue I leaxned to like the Btkimn as a person and to respcct him for 
his unusual intelligeoce and dcills, I began to ponder. Sittiog with Luke 
or Dave, tny Eskimo guides, in tbe doned igloo which they could run 
up from viigia snow in dtirty-fire minures - a remarkable ku ofarchi- 
tectore and oonstructioiul engmecring I would ignore the blizzards 
ouoide and joR concoitxate on the problem of Man and his Enviion- 
ment. 

How was it dut a race as intelligent and as adept as dse Eskimo had 
nerer expressed icself in wfaat we would recogniie as a culture. (Thete 
are ‘colrures’ but we wiQ discuss tbem later.) Hie quesdon, of 

coQtse, is answered as aooa as asked; they were die hostages of their 
envirooment. lo the pattetn of dvilisatioo, it was a case of ‘attested 
development’, not in terms of intelligence (they had to be dever to 
surviveatalQ butofcultural evolutioo. 

They are a surviving example of how oui primitive forefrtben, onoe 
naked to the dements. discovered the ways to clothe themselves in the 
pelts of the which tbe cool-making sldlls, justifying tbe desoip- 

ooo Hoøw sepiens, enaUed them to kilL Thos diey became masten of 
tbeis di ma ne environment and were able to more firom the wann 
repoRs, where fiicless, fathetless Man had originated, into the temperate 
tosse and theo iato regioBS of rigotous cold. No modem tdendfic in> 
genuicy, excepe as finesse, can improve on the arti^gi, the parka, and the 
MukhiJEi - tbe fiu shict, the for overco a t, dse icalskin boots - of the 
Eskimo. Perhaps k was dse suecess of their ‘dothing technology’ which 
k^t them an Aretse people, and, because tbe pelts were indispensable, 
kept them a hunting people. Nature had provided them with the 
’caribou runs*, diOK cegular migntions of the nortbem deer. It had also 
depRved them of any poiribility of growing aop« and becoming settled 
olien, the esseistxsl prerequisites for daboraring a social and material 
culture. 

They to terms with an environment which was clisnaticaUy 
rigorons, without tbe accecnble metals vdisch eumed the Stoise Age 
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inco tbe Bronze Age anA into tbe Icoo Age; wtthoot the fibres wlucli 
couldbe woTOi to replice the need for tkios; witboa the grains whkh 
might lead to •griculture; and withoot the sun-baked ckys which 
would suggat ceramics. Hiey were a people fiozen into the matrix of 
a ptoto-ari l i orion , a living aoachroauin, witfaal an ionately intelligent 
onc. Tfaey were a pcopk wuting fbc odl-druim. ’How many oil-dntmt, 
bon?* 


For me, my experience of tbe Atctic waq an experiment in and 

dme - a ttepping bade into bistory and forward aco the future. It 
reminded me of what h has bccome tbe puepose of thb book to show: 
that Man has mastered his environmait by his own ingenuity; that bis 
progress at every tage has beeo govemed by die drcuButances of his 
natura] world, or of that part of it in whkh he fband himself; that 
history, which we thtnk of as wan and baol^won empires, was more 
truly dictated by what we would now call 'technology*, the apphed 
knowledge which flourished, comipted and &iled; and tKar, in terms 
of our present knowledge, the limits which were teadKd by, or impoied 
oa successive civilisations, growing in relative bolatton, can be 
extended by modem science. The fiooåen are no longer physical or 
di made but thosc of Imowledge, or intenåon. 


Once an hour, a picce df man>made hardware can cncirde this planet. 
A tdevision cameta in tt woold see neieber fionders, nor nationt. nor 
raca, nor ideologia but ooly, in terms of tbe universe, a dny planet on 
wluch a,doo.ooo.00o (and by 1980. 4,000,000,000) human beings have 
tomehow contrived to live togetha; to feed eaeb otber; and, 
survival, to hdp each ocher. Our knowledge can enconpan diis planet, 
like tbat artificial satellite, ami hberate fnanlrinH fixim tbe eåreumstanea 


which have dictated the limitatioos of past civilbatioes. 

But it is in that past tbat we, in the pr esen t, can realbe tbe challenge 
and opportunida of the fiituce. 
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The IVriting in the Sands 

'Tbey ny (be tioQ tnd dw Utud knep 

The Coom nlwK Jamhyd ^oded tod dtamk decp; 
And Bahnun, that greu HuDCet - the WQd Aa 
Sumpe o'ea hi* head, and be liai £m uleep.* 

OMAK KBATTAM 


like die ‘trailen’ oftiezt week's filma wliich highli^c cpisodei wichout 
disclostng the plot, k loag serie« of oqiaKncet, aQ over the 

World, have imprinted themselves on my mind and in my imaginadoQ 
- inetdena whiefa have made vivid for me the mfatimg of Man’s 
aebievements and fbUks. They iUustrated (for me, at least) the skrady 
evolving drama of Man’s smiggle witb nature througbout the ages. 

For history is not just written in hooks; it is written in the sandt of 
time. One can read it in a landscape, soch as the dusty wastes of Meso* 
potamia, the giaveyard of successive ctvilisatioos. 

1. THB COCK WBICB CKOVID IN M0S7L 

Beneath the balcony on which I was talking with die Director of 
Andquides, in tweaoeth-cenniry Baghdad, lay the River Tigris. Its 
waters were so beavy with tUt thar it did not iip{de: tt pleated. The 
lunch we had just caten had bcoi gritty with the wind'soouiings of die 
Garden of Eden. The dust-laden winds from the desen were såSing. 

'Once upoa a tune,’ he said, 'the eock which crowed in Mostd could 
be heard tu Basta.’ 

It would be a shtUl code which conld be heard over a distance of 700 
miles. But he was quodng an old saying, fraughe with anoent meaning 

• 

« 



THB INBBXITOBS 


a 

and mockiag tt modem drcomstances. It malls a when the 
vaUeys of tbe Tigrå and die Euphratei werc so closely seolcd that a cock 
to the Qorth could start a relay of crowing, whicb would reach tbc aea. 

We had bem disniging the fkte of Mesopotamia, the Land of the 
Two Riven, the aadlc of the dvilisadons of Eridu, Ur, Erech, l.a ga«h^ 
Ununa, Nippor, Kish, Ninevdi, Asshur and Babylon Anctent 
åties are oow stranded in the desen sands like dotsam left by a recediog 
ride. 

History, as we are usuaOy taughe it, would suggest tlut wan and con- 
questt werc the cauK thett dwiinf ud lail, but the Dixvctor and 1 
were ditnitan g teasoiu more profotind than military onea. Geogtaphy, 
ai we are usuaUy taught it, might si^gest that in die spån of 5,000 yean 
the climate of Mesopotamia had chai^ed and had reduced the gratury 
of the andent wodd to an arid region, but the &cts which we were 
coosidering wen diderent. 

The evidesice shows plainly dut those lost ddes werc sustained by 
human ingenuicy, in the form of irrigadoo, and by methods quite con- 
sisteat with rainfdl and condidoos no didétent dom those which 
now. The drcumscances which fbreed the abandotuneni of ddes were 
the outeome of human mtervendoa and not of any change in climate. 
Wan were ooly iaddeats in that human intervention - g gntfifant in the 
history hooks but sdll oaly inddeno, spectaeulat bot not condusive. 

From aerial photogeaphs, ic is easy to see dut the Tigris and the 
Eophrates, and the lesser riven in die arca, changed thdr courses and 
left ddes hi^ and dry. Even diis was the work of mortal man. For 
example, the Euphrates once flowed past Ifr, reaching the Persian Gulf 
near Eridu, but the warnor Rim-Sin straigbceoed the course of the river 
so dut it by-possed Ur. The people of Erech, to the nonh, dammed the 
river to irrigate their regjon and Eridu and Lagaih were both separated 
from the water and petisbed for Uck of U. Erech liter sufréred the 
frte: interference with ics canals left it in a watetless desert The Euphrates 
slted up and built up the soU which now xparates Ur and Etidu from 
the sea and makci the Tigris and the Euphrites merely tnbutaries of 
the Shatt-Al-Arab. This gtves point to tfae Sumerian legend of tbe 
Creadon which sayt, *The land wu sdll sea when Eridu was made.' In 
Sumerian dmes, Ur was 00 tbe coast of the Persian Gulfinstead of being, 
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as ie tt DOW, 150 mila &om the set. ArchaeologuB ocavaee quayt and 
whar£ige in die middle of cbe dexrt. 

In modent baq, die riddle of die sands is not difficuk to dedphcr. As 
one traveU across, or flies over, die Laod of tbe Two Riven, tbe pose 
speaks eloqucndy. Aerial surveys show quite deatly che old waeet- 
counes, both natunl and nuo-nude. Across the wasteUnds run hmb. 
Hie meaniag of dtese parallel dykes was explained to me by die Director 
of Antiquidea. 

The dykes matked die connes of tbe ancknt canals and teO of the 
limm of andent technology. When tbe canals silted, or were dboked 
withdiifcing sand, tbey had to be dredged by muscle-labour, byscoo[K 
iog and tilring the mod on to the banks. 'When, bowever, che bank 
became too high, the hoinao efibrt of dredgiog became uneooooaiic. 
The lUt was too gteat and ic became easier to dig ocw canals chan to 
dredge the old ones. So tbey weie abandoned. Nevertheless. the itriga* 
pftn systems diut rerealed are a remarkable tribute to the skill and 
iogenuity of the Mesopotamians, Tbey exploiced difierent leveb 
becweco the Euphrates and the ‘ngiit and were able to produce canals 
by gravitacional flow. 

The peofound lesson of aS this is diat when yon start inter&ring with 
natural systems you must maintaia your ardhdal systems. Onoe the 
efforts are rdaxed for any teason. oc oncc men become frivoloody vain> 
glorious. like Rim-Sm divening the water from Eridu, or Scnnadwrib, 
the Assyrtan, drowning Babylon at cbe begiiuung of che seventh century 
B.C, nature rcasserts itself and takes its revenge. 

‘That,’ said an archaeologist, as wc stood upoo cbe moimd of a buried 
city and as be pointed to dw reptoadiful landscape, ^0 proof of the hw 
genuicy and die foUy of mankind.’ 

a. MBN8, MBNB, TBK8L, UrSABSIN 

Anodier impression whichendures widi me n of stmding in tbe reeds 
by the ruins of Babylon, at a spot wdiete Alexander tbe Gteat, master 
of che Known World, died in 310 B.C.. in his thirty-durd year. 

Here the Euphrates and the Hillah Canal sneet afrer enclosing the 

ancieoc city. This recalk the story of tbe Feast of Behhazzar. Belihtmc 
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was cbe Babyloi^ genen! of che sixtfa ceotucy 8 .C, w!k> was defend- 
ing tbe cicy againat Cynts and the Pemana. The garmon laugbcd when 
Cyxus began to dig * deep trcnch aiound the dcy in ordcr, as tbey 
diou^t, to Ram them out, wfaereai diere were cwenty yean* ptovinoos 
within tbe walls. Cynu cbose die night of the fcast wben che mysterious 
finger wroce on the walls of tbe banquetmg hall ^Menc, mme, tektl, 
iipWstn* (God bat aumbcred thy kingdom and fotud it wantin^ and 
direned the Eupbntet into die trcneh. The Pcrsiaos invaded die dcy 
acron the dry nver-bed. 

In the etnbrace of tbe waten stand the nviibed niint of Babylon, as 
ttagic in tbdr coodidoo at in tbeir meaning, because to the attrinon of 
rime have been added tbe scan of The Spoilen. In interrening centuries 
tt has been 'quarried* for its matoncd Rone, but in the past century, in 
the namf of ardiaeology, it bas been {nllaged so tfaoroughly that it is 
now bede more than a ground-plan of tbe dty that was. 

The glory that was the Babylon of Nebududnezxar hat certainly 
departed. Apart &om his wan and bis subjagarion and earrying off of 
the Jews into caprivity, the cfaief work of Nebuehadneoar was the 
aggrandiseniait and bcaurifying Babylon to surpass tbe vacuited 
claims of Nineveb. He repaired tbe great Temple of Mardok and ecected 
tbe Tast Imperial Palace oa top of whkb. rising temce upoa terrace, 
wete tbe Hangtng Gardens, one of tbe Seven Wonden of the World. 
He reconscrocted tbe Tower of Babel The ‘tower’ was a ziggurat, a 

pyramid structure oa tbe topenoR tower of which was a ^adoos temple. 

Nature has added a sardonic ibotaote to the aspirations and spdiariom 
of Man. Tbere is no doube tbat tbe HiPah Canal was eoastnicted, but 1 
beard eminent exp et u on tbe spot arguing as to wfaicb of che two arms 
of the watercounes was man-made and which was tbe natural Nature 
has blurred men’i edforts aod daimed tbem as ber own. 

The Eupbrams. rired of being distuibed in iti bed, goc its revenge. At 
one time it redueed che neigbbourhood of Babylon to water>]ogged 
marshes. Here the malacial mosquitoes bred. They produced death and 
diiease and crippled cbe popuLtion so cbat they were not able to main- 
tain tbe irrigarion systems or rili die fieldi. And M the process of collapte 
was speeded up and, witb some jusrificarion, it an be claimed that it 
was the mosquito, and not the Mongols, whkh in die end destroyed 
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Babylon. Loog before tbe Asiaa bordes became die pagan 'besom of 
descructton’ which swepc Babylon, io dse lulfiliacnt cf tbe prophecy of 
Isaiah, tbc mosquitoesliadbecome tbecommandosof cheLc^ ofHom. 

Alexander, irrestttible, conguered Babylon, twept tbrougb Penia 
and into bdia to become tbe manet of dvilisanom older thao his own. 
At tbe head of bis annies. be retomed by Und to Babylon. Tbete be 
sickened and died. ‘Here died Alexander tbe Gtcat', said an Itaqui 
expert, at we stood anmngtt tbe mardt-gtasaet of ibe watert of Babylon, 
‘Hedted of malaria. The moiquito was tbe KingofBabyloa. Remember 
tbat tbe Babylonians* duef god. Nergal, had as his symbol tbe tntect.’ 

3. »INC, TUl JUNCLB X1M6 

On tbe Indian jungle txack whkb tre were travming, a man-eating 
tiger had mauled andkiHed a tribesman just dte day before. A jackal 
soarled in our path and tben bounded into tbe oade^rowth-a reminder 
th a r dte tiger, for whkh it tcavenged, wonld not be bt away. Wild 
trumpeted. This was tbe KipHng jtmgle of tbe Mo«^b storiet 
and Jim Corbett't jungle ofthe Afim-Mtm e/Ki«sdMt. 

We upon some vino4mocbered ruins and, oot of tbe nicbo and 

tbe bcokcn pediments, monkeys gibbered and mocked at os. 

Here, in tbe Himalayan (er«, oa tbe botders ofindia, Tibet and Nepal, 
was anotbet unforgettable reminder of Man’s Ion battie wids nature. 

Teréi is not tbe "»me of a locabty; k it a term applied to land whkh 
slopet graduaQy from tbe Himalayan fbodiilk to tbe Ganges pUtn 
and whkb tcretches along tbe nortfaem frontiers of India. This 
|H fKrti 1 aT terai lies soud) of Naini Tal and Almora, tn tbe cru tc h fbrmed 
by Tibet and Nepal kis aland of nuny rivers, tbe snow-fedcributaries 
flowing soutb and wcst co tbe Ganges. 

To grasp tbe significance of ibis jungle it b necesary to go back a 
ycan to tbe dme whm tbere was a proq>etotti ovilbadoD, 
culdvating tbe fertile alluvial toil washed down from tbe mountains. 
Tbere ram f a time wben tbe industrious pcasants tried to extend thetr 
culrivadon, in area and in season, by cnttiog urigadoe onals from, and 
becwcen, Åe Gaages’stribuiaries. Theif very ingenukydestroyed diem, 
bccause tbey cut tbe acxoe tbe natural drainage of tbe region and 
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the ground gtadiuDy tuioed co twunp. It bccame die breeding place of 
tbe *T\al»nal iDOsquiCO. 

In the upthoc, the mosquitocs woa and malaria dtber o£^ or 
drove out, mott of the peaaotty. The jungle marcbed m; imothered 
theit canah; orergrew their viUage« and towiu; and, where fåmuhad 
prospered, tbere ranged the tigen, the wild elephants, the btue ftwn. 
the jadcaU the leopards, die cobras, the chital and die wolves. The 
monkeys held ribald coutt in the halU of princes. Of that jungle (as of 
Babylon) Ping, the mosquim, was king. 

Of coune, in the legendj whidi pats as the båtory of thb region, the 
collapae u asoibed to wan, bccause tsen, in perverted alwayi 

msist upon being the instrurnems of thcir self^lcstructioo and would 
nevet adrait to anydiing so unhetoic as being cooquered by an 

£ven the legendary story of the Tharus ond the Bhuksas is, m tnith, 
only a marginal note to the clinical pathology of the jungle. These are 
cwo tribcs, sparse in number, but reputed, because of »Vir »urvival in 
thb malarial r^ion, to have a natural immunity to the disease. Tbey are 
certainly hardy bteeds, who have petsisted ta thb locality since titne so 
remoce that chey are probably die abociginab. They themselvet daun, 
and perpetuate in their customs, a more glamorous account of tbeir 
otigtns. Acootding to tbem, they are descended &om a royal fiunily of 
Bajputs, the %varriot^<aste of the Hindu toao^eligiotis system. 

Altet a batde in which the k«ng and princa of thb royal funily weie 
dcféated and wiped out, the Rajput princ es sc s fled into the jungle vridi 
the servants. From the intermaniage of die royal womcn with the men 
of the cwo servant sub-castts, the Sabes and the Chamars, came the 


Tharus and the Bhuksas tespectively. A &ct which might lend plausible 
confimutiott co thb b the relative stata of men and womea in present- 
day tribcs. Unhke most womcn in India, the fcmalc sex here b not 
subtervienL Hiey are at least equal indecd, &om accounti of £tfty 
years ago (alchough I did not find them to be true today) the wonieo 
refused to eat with the men. wbom tbey treated as social iniériors. 
There is, ttadinonally, polyandry, that Ibrtn of polygamy in whkh a 
woman hu leveral husbands. In ICim, KipHng presents The Woman of 
Sbamlcgh, with hct many habands whom she despised. Sfaamle^ 
b in the hilb oo the edge of thb jungle. 
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Howerer princely their prigiiu, die two jtmgle oiba were tedoced 
to cxuculent squalor; diey wcre and retenced from dw 

wocld outstde the jungle. They resiftcd the Indian Goveruaeat’t 
ittempes to rcclaim tbe 1,700,000 acre* of dus loit land wttb tts atable 
soil and tum it into setdemous fbc anny reteram. Tbe tribes bad tbe 
iDOsquito as tbeir ally in tlieir resiitance, becaase the reputation of tbe 
r^on as a malarial graveyard was suÆdcot to discoucage any pro>> 
pecdvc lettlei. 

So tbe Govemmeiit callcd ia tbe World Health Organisation to deal 
with the malaria in advance of the buQdozen and treedoacn which 
would rip up the jun^ and clear it £br Sraiing. Tbe tribes' re ception 
of the malaria teams was Just as bosdle. And withsocnejtistibcatioa, Cbr 
what the Tbarus and the Bhuksas saw was convoys of trucb and jeeps 
and spray guns movii^ in. All this eonld not be diiected against a cmy 
tiede in sf^'r They refused to let the Sfwayen into their villages, mueh leas 
their homes. 

‘Babujee, wby do you come to kill us ?* tbe Tbarus denunded of tbe 
leader of die teama. 

‘Tbaiusl’ xeplied Dr Peter Issaris, the Gtcdt, T cotne to gjve yoolifé, 
not deatb. I come to Idll tbe mosqoitoes, not you. I come to save you 
&om tbe fcvtt' 

It was true. A year Uter the mosquitoe* had been conquesed and 
duMisandsofacres ofthejun^bad beencleated. And Dr Itiatis went 
back into tbe vilkges. 

*Tbattut’ he said. 'Did I come to Idll you?* 

'No, Babujee. You came to Idll die mosquitoet. And tbe licef 

4. TBS tOeVST MIN 

One nigbt, duzing the London blitz, widit tbe anb-airenft guns 
pounding outside and esiemy ainzaft overhead. H. G. Wells, J. G. 
Winant, the American Ambassader, Ivan Maisky, tbe Riinian Am* 
baasadoc, and I were dining togetbet at Wclb s home in Regent’s Park. 

Tbe conversanon was not about bombs, nor about die war, but about 
the ways in wbicb the wodd could be alcered fer tbe better if tbe 
tesoutees, the efibn and the mgenuity wbicb went into total war 

m 
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couM be appited (ot peaceful purp«c». Wc weie quodng ezunples. 

Mutky retniDded os that in his pre-Rerolutsonary days he bad been a 
Student, and bow in ipip-ao be had been sent by the Soviec 
Govenunenc to carry out an ex{^ntory surrey of Outer Mongoba, 
tbat UDd 4 ocked ootmcry wfaicb lies between che Gobi Desert and Laice 
p ^iVal For dgbtecn moaths hc bad tnvelled backwaids and forwards, 
00 bone and camet, Lving in dte yorts, tbe MongcJ taits, and sbarxog the 
bfé of tbe nomads. 

His coostaot companioo on thete jotinteys bad been a thirceentb- 
century monk-not u a ^sost but in tbe fonn of a remarkable joutnal. 
This monk bad Ve" sent to Mongdia by Louis DC to try and conveit 
tbe to Cbristunity. S t Louis's mtendoni were ooc entirely rel^ous. 

He was another crusade and bad coaceived a grand design in 

strategy. If Western Cbriitendom were to attack the Saracem &om tbe 
front and tbe Tartan would come out of tbe steppes of Asia and assail 
tbem &om tbe lear, then vktory woold be assured. But Louis oould not 
an wtth a h^rbiTi, io tbe monk’t job was to convert him. 

He did not loeceed but be kept a journal wbkfa, as Maisky testified, 
was a remarkable p iree of shrewd and detailed observation. His account 
gave a pretcy complete picture of tbe country, its people and its way of 
lifc. It was a liisconcal control’ for Maisky’i own turvey. 

As be said, tbe conditions bad not cbanged in tbe mtervcning cen- 
turies. The Mongols of 1919 (ciroututanca have improved since chen) 
were Irving exactly tbe same lifé as tbeir fcHefåthers, down to tbe detaib 
of tbeir £ood, tbeir tents and tbeir nomadic ecouooiy, which sdU 
depended on five - die horse, tbe cow, tbe sbeep, tbe goae and 

the cameL 

One of tbe obaemtioos which Maisky had made and which he re- 
peated to ui was the explanadon of dte grcac Mongol migrations which 
we idendfy with Attila dte Hun, Gcnghis Khan and Tamerlane. On his 
reckoning, tbe population of tbe steppes, human and animal, doubled 
every hundred yeats. Thcit tribal tracts could no longer support them 
and tbey would bum die bouitds. The impetm would carry them inco 
rkjni, into I nd« , into tbe Middle East and into Burope. They became, 
as H. G. Welb put k, ‘locust men*. 

Maisky another obsenradon doriiig his surrey. His conclusioD 
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siirpcuedut.HesaidbekxwwwhyMoQgolia bad remaiaed uochanged 
througbout the centuries. It wai the dunaie. And he had dedded how 
the cliiaate could be changcd. Out« Mongolu was shuc off from tbe 
faii^-bearæg and tcmpering wind* of tbe Padfic by a ring of moimtaiiu. 

He bad suggested dut by moviog njouataim great vendlaeing 
should be driTcn through the 
'And why dldn’t you?* asked Wells. 

‘Becaiuc the Soviet Union had to build tanV« and battlcships,’ taid 
MaUky. 'In a peaceful world, ii could have been done.’ 

S. DBLBNDA BST CAXTHAGO 

Wc stood OD the hiO ahove Cardiage, as the son was approacbing its 
letting. As it dioppcd towards die bocnoo aod its rays fawy* almost 
horizontally aaoes the naked landscape, a strangc ihing happened: we 
saw die ground-plao of Roman frelds, 3,000 ycan ago. The sloUow ligbt 
had brought up, as shadow-gtaphs. the concealed contours. If I had been 
an cxpenenccd surveyor, I could have measured those frelds. It would 

not have been difficult because they conibnned to a regular pattem and 
to a geometrical predsion. 

‘This was really a culmination ofan experience. I had alteady itavelled 

out inco the deserts to see the fortificd frtmhouses, those frrnwforts the 
peasant ganisoes of which had dlled the laod and du tampam 

^ainst the desert nuiauders. Those fortified fårmhousa had marked 
t^ perimeter of the setded aiea of Notth Africa. which had been one of 

the great Roman gianaries. So, contemporanly, from the evidencc of 
the extcnt of the provine« and die size and natuK of those it is 
possible to estimate how many peo{^ the area vdiich we now call 
Tunisu was able to sostain. Merely to culdvate the area by the ptactices 
of die time (ut. without tracton or combioe harvestm) would have 
needed a peasant populadoD three nmei the present populadon. They 
not only fed themsehrei butsupplied food for rartbigf itylf whkh had 
an estimated populadon of tioo.ooo, for die trading pora of Oea, Leptts 
Magna and Sabbratfaa, and for the bread and circttses of impenal Rome. 

From that hilltop, we could look two wayi ~ down on the ruins of s 
city which had sufrered the piunder of 2,000 years, and down 00 the 
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rmos of a »oil which bad beeo {^uiMiered alio. 

Whb me wat Chari«s Saum^nc, a really tcnutkable Frendiman, 
dien dte(ciTiIun) loipector-Geoeral ofTunma, a man who had dedkated 
bil bfé to the genuine ondentaading of North Afiica, is people and iti 
1 «nd. He knew its patt. 

a tog^producer »etting a drama, be coold slu& the icenery of 
present and raiw the cuitain on what-had-been. With a sweep of his 
haod be could modem Carthage, which might be any Mediter- 
ranean resort, and conjure up a proud but grim history. 

In place af tramcars, tbere woold be ^ diy of Virgil't Dido, of that 
fil giriw Elissa who fled &om Tyre in, or around, Sjo B.C with other 
tefiigeo &om ber brotbec’s tytanny to re-establiih what had been a 
S i d<^ i»n trading poet, way back in the lixteenth ceneury B.C 

Hus outpott of the levantme Phoenidint was to become the great 
tnw^ntilf empire of Carthage and to be con&onted by the rivalry of 
Rome.Theyc]aibedmcbeHntaDdSecondPcuucWanwhichdestroyed 
the Carthaginiao n^sremacy as a metchant people. 

When die tea>tnattery of Carthage was broken and it was deprived 
ofitsineans of trading, the Phoenidan merchants, as sneaepetieneed in 
the ways of the soil as the Jewish merchants, mannequins, docton, 
typbo and ttinket*makets who in die twenåeth century became the 
&mien of modem Israel, tumed thcii attention to tbeir hinterland. The 
ener gi c s aod enterpsise which tbey had exerdsed in merefaandising went 
into fivming and they became swh effident agronomists that thdr 
system of cultivatioa was the basis of all Roman and Greek fårming tn 
Alnca Ibr centuria thereafter. Their lucccss was their undoing. 

When a Ctivial, local quatrd developed between Carthage and 
Numidia, Rome, suspidooi and oneasy about the people it had van- 
quhhed, seized the pretext It ofléred what today would be caDed a 
‘Good OfEccs Commisåoo’ to intervene in the quanel. Cato, the Elder, 
was a membcc of tbat mission. He was that edebrated Roman who, 
having rearhed high Office, redred to his Sabine to culdvate it with 

his own tund« > the quoced example for aU diiinterested public moi. But 
that wu no comfoct to Carthage. He was a fvmer and like his kind 
was chary of eompeddon. What he saw in North A&ka oonfirmed his 
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woot lujpiciom. Its prosperity wai to offemivc to him that hc tyn r mH 
to Ronw and prodaimed ‘DelenJå at Otrdugo' - 'Carthage must be 
destroyed’. And h is notewortby diat in the Scnate be waved, not che 
tradidona] tword, but a bunch of figt; tbe threat of Carthage was not 
military but economic Catcfaage mutt be destroyed becaose tt had 
leamed dw arts of peace too welL They who lived by the plough mutt 
perish by tbe plough. Militaiily belpless. the Caithagtnians werecnitbed 
in tbe Third Punic War, tbat andent piece of Hitleriim. The Romans 
raeed the pcoud dty to tbe ground and symbolieally drove a plough 
through tbe ruins. 

Witb diamarie vividness, Saum^ne recottstrocted tbe last days of 
Pho en i ci an Carthage to the tragte cbmaT wben tbe mothers, beseiged 
in dte Tcmple of Eshmun, flung tbeir ehildren over tbe parapets inio the 
blazing niins of tbeir dty befoce they perished thenuelva. 

The Carthaginians who had mattåed tbe Meditertanmn Sea had 
mastered alto tbe wildetness, and the granary they had created 
the Roman tpoib of war. Whenjubus Cæsar, pursoing the last support ers 
of Pompey. reaefaed Carthage, he fbund its ruins idD sheltering che fcw 
survivors of the Punk popukdon. He dedded to rebuild it as a Roman 
dty and, under the Caesars, Carduge was restored to pomp and dt- 
cumttance, to be destroyed in eum by che Vandals, rettoced by Bdi- 
sariua, and tavaged again by Hassan, die Arab, in a.d. 1S97. 


moonbght was glincing in che lutetn-eyes of the jerboas. A féw fires 
were buming wbere tbe Bedouins bad set light to the growing camel- 
thoms to get warmth in tbe cold which had succeeded tbe 
heat. 

‘Tdl me,* said Charles Saumagne. camestly, as we surveyed tbe 
silvered desoUdoo, 'that there ate in che World ten men who beEeve 
duc die desert om be made to blossom, ten men who believe diac we 
can redeem the stupiditia of mankmd, and I thall die happy.’ 


In che night wbicb foUowed dut day when those ghost-fields emerged 
3m the past, Charles Saiimagne and I were staading in che desert Tbe 
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6. TBI LITING lYBAMIDS 

Huadredi of iaiagea of die Buddha look down front their nidta and 
ttuptts to die gjeat pyramid temple of Borobodour. This Buddhitt 
tcmple it situatcd oear where die riven Ello and Progo meet in tbe beait 
of Java. I waa caken there to be impcessed by thU marvel of Hinda 
ardiitecture, at least ehineen bundted yean otd. I was duly enthusustic. 
Tbis great Kone snicture standi on a base 600 feet square and odc cUmbl 
dirougb gaUcrics of images, a tremendous teståmooy to tbe devoutness 
and tbe crafrunaaship of an earlier dvilisaaoQ. It belongs to tfaat age 
wben tbe Hindu Empire ttrctched from India, tbrough tbe Polynesian 
Islands, to Bali. 

But I was more enchusiasdc about tbe living pyramidt, whkb 
belonged to an even older dvibsation. Thoee tetraea of inaninute stone 
did not move me balf as mueh as tbe pyiamids of growing rice - tbe 
terraces, whicb dimb tbe mountains. Eveiy fiaot of soil - and sometitnes 
tbe ledges ate no more tban a fbot wide - on tbe side of tbe ctstwhile 
volcanoes is made 10 yidd rke, with ingenious water-management to 
flood caeb tercace for tbe wet paddy. Often they yidd more tban rice, 
because tbese dsrifry peasano foUowing tbe craft of tbdt anoestry have 
tbe of fisb^arming. Tbe fingerlings whicb they put in wben they 

Aood tbe terraces and whicb ‘graze’ in tbe underwater pastures of tbe 
growing rice, are about tbe size of sardines or pilebards wben tbey 
are gatbered three montbs later. This is a vital source of protein for tbe 
peasaots. supplemenring tbdr rice diet. Tbis living architcctUK of 
tetiaces u something whicb tbey inberited from andent rbina , where 
through tbe millennia, tbe peasants had busbanded every fbo« of soil and 
cveiy drop of watet. 

In those same hiUs of Kulumprogo I saw a sight whicb will remaia for 
ever unforgettable. Like gnomes in some weird Cury-cale, coppet^ed 
bodies were digging and delving in tbe mud at tbe bottom of a pit and 
scurrying like ants up a swaying bamboo ladder as kmg as a frrooeape, 
with baskets of mod on tbdt heads. 

It was all part of tbe incredtble scene whicb I watched under che 
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blutcring sun ond] I became guUy uid my musdes ubcd in syn^ihy 
with the badt-btcaking cfibro of cbose toikn. I &lt at tbough I had 
tteppcd back out of tbe twcndeth oentury and waa wacdung the 
Babylooian slaves digging the Hillah Canal. In thU way. and with such 
prinutive toolt, tbey must have divetted tbe Euphiates. 

Thooe peasants wck cutting a iorty-miledong e»nal with nothing 
but their own miucla. pick-axes, matcocb. hammen and chite b Wben 
they cncotmtcred rodes, they just chiseUed their way through. They did 
not use gelignite becauie they did not have any and because, for them, 
man-power was cheaper thati explosivcs. So they used hammen and 
chisds and wedges to chip and split the rock into picces small enough 
for tbe bearers to carcy in tbdr bead-basketa. Work, which a 
shovel or a bulldozer and a few sdeks of dynamite coutd accomplish tn 
a few days. took hundreda of peasants months of stcenuous eSott In a 
year they bad advaoccd cwo and a half miles through the volcasiic 
mountains. 

Those were not Babylonian tUves. They were ftce formers working 
for a greatex freedom on an enterprise which they themselves had star ted . 
Thoae wck che Hungry Hiils wfaere thtoughout the genendons Ufo 
was even more desperate than in the plains. To those peasants 
down from the hiUs, the valleys with theit paddy>£d^ were a sort ^ 
Promised Land. In the mountains there were only coconuts, banafia« 
and cassava, from which comes tapioca. One thing whids is common 
theoughout the world is that at tbe loweat levds of hnm«n survival, 
short of eating slugs, like the Australian aborigincs, people tum to luch 
tbings as cassava, to give them starch for energy but for Isttle else. To 
such pcopte even a handful of rioe is a luxury. 

Thosc hill peoples wanted rice but tice needs water and the Progo 
Siver by-passed their slopes. So as a result of the dcaiing of tbe region 
of the crippUng discase, yaws, die peasants tunied their new>found 
ene^y to a purpoK - to cut a canal, to bring che water from the Progo 
River aloi^ the ridga of thdr mountains so that they, too, could have 
steep*dered terraces fluihed with cascades of water from above. This 
cremendous edort was an act of dedicadon as proibund as the buUding 
of that lemple of Borobodour. But it was a dedkadon to life for them- 
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Bcires, (heir childnn wd Cot cbdi cliildreQ’t duldrcn. 

The fint cfiéa oo me wu to ptovoke & feeling of indignatiioti and 
KtconDcnt. Afiec all. this vns d» twcndeth oeotuiy. I was there £br the 
United Natioes and sorcly something coold be done to give them buU- 
doaen and dynamite. foor examfde. Wben I vt^ceA my indignation, 
bowever, I leccived a voy talutary reproach from a wise United 
Nations cxpert, who knew tbc comtry and who knew the people. 

*Try to understand,' he taid, ‘that thb is tlieir canal. For che fixu time 
they wili have tomething whkh they will not owe to die money- 
leaders. Always they have becn in debt for die means of theic own 
If anyoM wete to offer them imtcrial help, they could not 
helievc chat it was. in fiu:t.diaiatetested. They would dunk tbac this was 
a gatn soffle dcvice of the moncy-lendcts. No. let them foliil themselves 
and their purposc. Then when they believe in themselves they may 
believe in the help that we can give them.' 

7. BIOOD AND SOIL 

Widi a twoitiedi-cefttury shudder at the dark stains of sixteenth> 
eentury biood which disctdoured the ninneb of the altars of Mome 
Alban. I dedded that nothing had to disfigured Mexican history as that 
episode of human »crifice. 

This was the holy city of the Zapotea. built on a man-made plateau 
levelied by the sawing oS of two mountain-tops. Massive temple budd¬ 
ings testified to the power and the arrogance of the priesdy cult which 
lefi an aura of brutaUty around the stones themselves. There was som^ 
fKlit g gladiatorial in die ardhitecture and a sesue of the inhuman in the 
stylised frieics. It was not pure imaginadon whidi produced this foeling, 
nt hn it was the contrast with the sofier and kindlier architectore and 
figurings of the templet at Mida, just a fow miles away tn aa adjoining 
Valley - the rdics of a civiiuation which had had no human taciifice. 

The scsise of arrogance was emphasised in the archaeotogical diggtngs 
which had cut throu^ the temple terraca and bad reveaJed how suc- 
rml ing orders of priesthood had obliterated the carvings and ctafmork 
of their prcdecesson by piling masoned ttones, 10 that the step-work 
rose and higher and more and more pottentously. Bach suc- 
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cessioo had built oa che fouodacioQS of ics p«st but bad buried that past 
ia che procett. 

In chc peloca ooura. within che tcmple con£na, tbc finest yooch had 
exercised to che acmc of athletic perfectioo. Otdy che poffirt was good 
enough for che gods. Male and fenule, che yousg peo^ wen bred for 
sacrificc. 

On chc ceremonial occasions they were thrown upon tbe al t a T s. c h^ r 
living botoms were cue open and their beacing bearts tom out by tbe 
pciescs. Their biood flowed down chcse runncls. 

Duc those priests did noc only ceai che hearts out of their victum: they 
toce che bearc out of che country. From the sumenit of a tcmple we 
looked down upon a ravaged countryside. The Valley of Oaxaca once 
had a fortilicy as legendary as dse Garden of Eden. Now there were 
desoladon, hald hiils, and vaDeys gashed with gulley*«tosion. To build 
their temples che priescs had had ^ massive blocks of masonry cairied 

up the steep hillside and had fired the forests to produce charcoal to make 

lime for the temples. The raiiu had scoured ofi* the unprotected soti and 
lefi a landscape in ruins, more ominous eren than the stone ruins of those 
depatted priesthoods. 

'This,' said M. Paul Hivet, the Frcxich archacologist, with a sweep of 
his arm over che temple city, ‘produced that.' 

S. NICBT AT KOON 

At high noon wc fiew into nighe. The flight-stewards switched on the 
ligbts in tbe cabin of the Tians-Canada airliner as we approached Wtnn^ 
peg. There was constemacion amongst tbe passengen at this apocalypnc 
biotcii^ out of che May tun. Then che oircraft began to ctimb and cscaped 
from the darknew into sunshine again. Below, bowever, was a dark palL 
Instcad of ^the usual skyseape of white plains and mountains of cloud, 
the sunshine made sinister tbe billows of what looked like dark brown 
smoke. 

Indeed, I thought we muse be fiying over a vast forest fire with smoke 
so dense that it hid che fires themselves. But the pilot came back to 
explain that this was a dust storm, which was hanging over the city of 
Winnipeg and was so thick at ground level that ic was impoisihlc to land 
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at the airport. To the paøengers' dianay, be said be might have to fly 
oo to Torooto. Hiis wu bad nem foc tbow paocngen who had been 
booked to land boan eariter at Saakatooo but who bad been unable to 
do *0 becauK of tbe floods. Ic was abo bad newi for me becauie I bad 
my atrtval at Witmipeg to catch a flight vdiich was to link up 
wicb my eicpedttioa to the North Pole. 

For over an hiMir. wc drded over the cicy and then a hole appearcd 
ia the dmt douds. The pilot di ved through and we landed in a rairutorm, 
which was iheett of Everything in Winnipeg was covered with a 

byer of kluki - like a grande camouflage. 

The weatber-men bad taken samples of that dust, right up to its 
ceiling. At S,ooo feet the dust bad been that of Texas > 1,500 miles away. 
At various tevcb the samples were feom Oklahoma, Nebtaska and the 
Dakocas. The beavy pardcles of dust nearer the ground were those of 
Manitoba. Use explanadoo given me at the dme was that there had 
a sharp chaw tn the feost>bound northera States, foUowed by an un- 
Kt fiinjhb bfft t which had dried out the soiL The winds feom the soutfa 
had whipped the top soil into the sky, all the way feom the Gulf of 
Mexico to the praines of Canada. 

It was just an inddent. but an ominous otte - a reminder of the Dtst 
Bowl of I934-55, when the soil of Oklahonu blocted out the son over 
New York. For wedo and monchs. the farmers in the Dust Bowl seata 
of the West had stood helptessly in cbelt fields watching the wind rob 
thetn of the top soil which was the feundadon of ebeir livelihood. The 
then. was ptain enou^ This was the punishment of natute’s law> 
breakets. Ooce the mid'Wesc had had a natural cover of tough, thidciy 
nueted grass over which tbe winds oould roar harmlessly becaose it 
kept dve soil intact. When Man applied his methods of agricultute to 
tbe endlcss pastures, be had brokai this natural cover, cropped and 
harvested the plains, with tich reward, ondt he bad taken from it most 
of its nonrishment and its natural cobercncc. and had iefe it as di»t. He 
had cuedown the foreits whids had tempered the winds and had lefe the 
land naked to tbeir mercy. 

‘Hut was a saluary waming which the Ubited States heeded. Tbe 
toil-conservadoin prognmmei and the reptandng of ferest areas, wind- 
breaks and shdter belo were put in band. In eigbt yean Forest Service 
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phated 220,000.000 trees. They had set up thc ‘oco to cateh thc wind’. 

‘Man caunot chaage all che forces of natxtre,’ said Presidcst Roosevelt. 
in endocsng thc plan to checfc wind eronon. ‘but be can modify his 
own surroundings.’ 



The TooUmaking Animal 


BminH; ’I tWi jamin l^iiiUxo*i <i(£nitioD of Min 
il t lood ooe - “A lool-aukinc mimaT 
JoAmm: ‘Bul ouny • man nero loade a tool; nid Mp> 
po« a mm iriihovt vnu > he eoidd not make a lool.' 


I. IN THB »BCINNINC 

Hk debate tdli a* to where, in tbe wodd, the human race, 

Hoim Mpteiti. onginatcd. The rtroi^ presumption, however, suggests 
Aéica. As fin Piene Teillurd de Chudin. ooe of the wodd's greacest 
experts on early man nid: 

^It is apparcotly in the deptits of Afinca, not oo the sbores of the 
Meditonncan or oo the Asiaåc plateau, chat tbe primeval centre of 
horaaa expansioo and dispersion muit have been located, long before 
this centre in mucb later times, towards (or even split between) 

and America.’ (buematiottal Symposium oo Anthropology 
in New York in ipp.) 

There b a plausible teason why dus should be so. While most of tbe 
great mMiei underwent tbe grinding of ice and the Oonvulnoos of 

mouDtain-making. the soudKm part of tbe Afiican contincnt was 
exempc. From millioos of years ago, even from tbe dme wben oixr 
evolntioikary aiKestOfS were still fish in the Palaeoxoic seas and when 
forest vegetation had still to appear on eatdi, tbe coodiKEtt touth of the 
Great Rift has remained iotacs - a Uboratory bench for expericnents in 
evolution. 
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Tlie evolodoo in whkh diis book is mterested is that whidi gav« 
Man tbe £iculties and capackics whkh mad« him able to cosnc to tenxis 
widi his cnvironment instead of bcing merely sobject to it. In other 
words, it is interesced in Man as wbac Benjamin Franklin called hiin, 
tool-nuking animal*. 

The ekoients of Mans »bill« eaasted in creatures whicb tived abouc 
50,000,000 years ago. Tbeir modem survivoes are tbe tree-shrews, 
lemurs and tanicn. Tbey had five movable digiti on eaeb Urob, whkh 
wexe wcU-adapted to climbing crea and swinging on branches. Unlike 
four-lboted animah, with paws and claws, the Ent digit - the - 
was flexible so that tbe exeature bad the ability to grasp tbe snuU »nwT t 
which it ate and to pluck fhiia with iu front limhs. Thus tfaese 
(which could not yet answer to the descripdoa of anns and bands) 
began to scquire tbe Ainctiocu which tn four-footed awimal« aie usually 
pedbrmed by jaws and teeth. 

These creatures, called prosiminans, had eyes on’each side of tbe head 
but in coune of time the eyes shifted to the front of the head so tbat tbey 
could be fbeused od an object which the brain then resolved as a stereo*' - 
scopic picture - chree-dimemional. The tatsiers, sdU surviving in the. • 
East In^cs, is s Uving survival of diis stage of erolution. It has eyes like 
enormous spectacle lens and they ut fbrward*looking. 

These ptimiciv« creatures wck the aneCstors of tbe monkeys, apes * 
and men. It was probably because, small and inofiensive, tbey had to 
take to tbe trees to escape &om dieir enemies dut they evolvciddUrerently 
from the ground-dwcUing mammals. On the ground, animal« can rely 
largely, both in seeldng their food and avoidiog dietr enemies. on tbeir 
sense of smell, but in the trees chey have to depend on alertness of tbe 
other seiues of nghe and touch and hearing. So they acquired brains in 
which the senses other than smell had to be more developed: The brain 
inereased in size, undl within the tesenetioDS of the skuU, the dssne of 
nerve ccUs had to fold ittelf over and become the convoiudons and 


lobes. Today in Man the 10,000,000,000 brain cdls, weighing three 
pounds, are packed into the casket of the skuli eight indies long and foor 
inebes deep. , 

Tbe pcdiensile digits of those early fbre-limbs cteated« new sense. A 

dog. obserråig a soqncious object, will sniff it, but a monkey confionted^ * 

^ i* 


0 
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with somethiDg unuuxal will look at U and finger ic. (Ifwhac che dog mift 
il i IxdgebQg, it wJl.) The acnai; <if fial ma gwifigd in r^t pa<n 

wiU deveiop into an instmct, wbat-to^votd. 

In the monkcy, however. as in Man, the haod becaroe not onty a 
grasping o^an but a sensitive ifutrument of touch. Combined with 
dghc, touch was to become the fåctoc in nunuaJ skiUs. 

The fiKtdties whkh were devclopcd to meet the needs of out tree- 
living anccstry wete also limitod by the condidons prcacribed by thcir 
eaviroomcfit. Tboac who contioued to Kve in the tie^tops, like the 
wUd mookeys of today, developcd spedal auxiliaries, like the ptchensile 
tail which gives the New World monkeys what amounts to a fiftb ann. 
Bot there is no reaion to suppose chat they aie, today, any more intdli- 
gent than thof anoeston of 40,000,000 yean ago. Otbet ferest dwellers, 
like the baboons, might become ground>dweIlen but they developcd 
leet which were like handl. 


2. rtOCONSUL 

Mudi dbser to m in the descent firom our common anccstry are the 
apes. After monkeys and apes had come into existence there was a time 
of immgtug importance to subtequent evolution when the apes became 
divcnified. Tbis was about 25,000,000 yean ago and the hest evidence 
for it comes from tropical Afnca and &om the island of Rusinga in the 
noeth-east cotner of Lake Victoria. Among the many fi»iil apes fband 
there is Proconsul, which is not very får oS* the dsrect line of human 
ancesiry. Pioconsul was stiD mookey-Iike. It was capable of tree Ixfb 
and of swinging by its anns ftom branch to branch biu it was also 
capable of tearing up and walking on two legs. 

Ftom this group, two lines cxneigcd. One line of descent persisted 
as the fbrest ape, developing longer and longer arms and bough- 
grasping bands. The other led to Man, through ape-like creatures which 
heevm f accustomed to more open country, away sometimes from the 
forescs. 

Those grasiland creatures devdoped the habit of walking on two 
legs. llus lefi the hånds free to carry die young and to collect fbod. 
These early HominiJae were probably already qutte difierent from the 
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apes ot Poi^iJae as loog ago as xo,oot^ooo ycan. Wbat diffcreDtiated 
thcm was that Hominidae walked erect. The apes like the orang-utan 
and the dumpatuees walked cither oo all foun or ina crouching potition. 
iQddentally, thcy walked by uting the knuckles of the fiirelimbs u 
paws. But the type which was to be developed into Man chasged its 
skdeton through the modificadon of the pdvic girdle which enabled it 
to iDOve in a more uprighl manner. The rear 'hånds’ fogt, xhey 

lost the powec of elutehing and became the pedcstals on which Man 
could stand scraighL The legs also outgrew the arms in IcngiL The 
remained as it had been. with its powec to grip but, snce it was no longer 
required for walking on, it became progressively more senttove and 
skilled as che organ of manipulation. 

3. AUSTXALOPtTHBCUS 

Sktpptng millions of ycars - beeauie this was a slow process - wc hnd 
in the Pliocene period, pecbaps a miilion years ago, a type whkb was 
cecognisably more ape than man. This creature existed in Southern 
Africa as the AuOroIopithetus. They were small, leas chan four fe« high, 
and they walked erect Remains of them have been found in Bechoana- 
land and in the TtansvaaL Tbey Itved in litnescone eaves, and there is 
cvidcnce tbat they may have used fire. They appear, ttnlike the fotest 
monkeys, to have been camivorous because in che eaves chere are fiag- 
ments of animal boues, e^ abeils, crab sbells and antdope-limb 
These antelope boncs are interesttng because they had been tmaduvl to 
extraa the martow. 

It is, of oourte, che habit ofbaboons occasioRaOy to prey on la p ibt uid 
otber animols of similar size, using thetr powciful canine twfK u 
offensive weapons. To deal with la^er animals tucli as an antdope they 
have to herd together, ckwe in on ie and tcar it to piecea. In the case of 
the Austnlopilheats, the South Afncan ape-man or man-ape, che 
teech are smaD and levd with the odier teeth to that they could not have 
been med as tearmg-fmgs. They mmt have had to me weapons eo fell 
theic victiins. There is noching in the remains so Gtf discovered to suggest 
that they made their weapons but in c«\|unction widi the fossils have 
been fbuod scones from distant screams. 'They did not make thetr 
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wcapons bat thejr used tbo«e whkh nature had already pcovided tn cbe 
shape of ttooet. as mmilet. or scicks or ammal loog^nes as dubs. By 
Rf-njftmin pranklui's definition, tfaercfbre, the South Afncan creatutes 
wece not 'men', duc is, ‘cool-tDikiog aniouk', although they were 
'tocdnising’. • 

Ihete is an argustcnt, however, thac dtey may have existed cootem- 
poraiteously with cool-malcing creatuies. And very significanc findt 
were nude in Tanganyika in 

The earltest *coots‘ can be dated by thetr geological setdng as eritring 
over half a million years ago. At fint human artiiacts were crudely 
shaped pebbles. Plenty of evidence of chese have been found in river and 
lAg tertacei in Uganda and Tanganyika. This pebble culture was 
foUowed by more advanccd fonns of shaping rough cools, showing a 
slow but steady progrcss up to about 100,000 yean ^o. 

4. rsCINO MAN 

Tool-makit^ and meat-eating seem to have gone together. Large 
quantitics of meat bones were ibund in association with the rcmains of 
^ Peking Man (Smanikrepus), and it is not difBcult to undetstand 
why tool-making arose out of camivocous habits. Although with their 
natural weapons - stooes and cudgeh - tbese proto-men might easily 
Icill game, they would have obvious diÆculty in temoving the skin and 
the fur and finding the fiesh. ^Xlthouc scrong £åi^, like the animals, 
they would find ic diÆcult to tear the anitnal apait They would find 
in the sbape of sbaip pteoes of stooe and when they could not 
find such sharp picces they would break scones to gec the edges. Hcre 
was otte origin of tool-making. 

The diange-over firom being a vegetarian to being a tneat-catcr also 
afiected the character of the way of lUé of the early Man hinuclf. A 
meat-eatiag creature nceds a smaller quandty of food - in bulk - tban 
the vegetaran. Instead of having to eat almost condnuously like their 
fruiMacing cousins. cbe earliest Men then had to spend most of their 
daytime in buntmg. Instead of concinuously replenåhing thdr cnergy by 
nibbling plant food, they could eat meals of coneencrated protein in the 
shape offiesh and store their energyagainst the efibrtsof the next stage. 
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5. THINKtNC MAN 

Iftbe arguments of apparent fiuts are accepted and Africais acknow- 
ledged u the aadle at least of tbe Hminidae, tbe creacures wbo were 
r ifVr oiu gnnd-co-tbe'nth>(ad)en oc our great-cothe-nth-unda. then 
Man strayed a loi^ long way from home. But, of coune, be took a 
Ifin g, long time about it: Australopithttus, the South A^Tkan mannlA 
ape, nri t tfd about i,oo(\ooo yean ago; joo,ooo yean later Peking Man 
and Java Man had emetged as &r away as Asia; in Europe we find the 
Heidelbexg Man (about 300^000 yean ago); the Swanscotnbc Man 
(about 200.000 yean ago]; the Footechevade Man (about 200,000 yean 
ago); and tbe Neanderthal Man (about 100,000 yean ago). On dut 
tunoocale, eventual beings, wbom wc would be prepared to recognise 
in the portiait gallery of our anceston as Homo, rate a mere $0,000 yean 
-just the blink of an eye. 

During those aeons, the pbysical charactetisdes were changing. The 
knuckle-walking creature had ceased to go on all foun, or even to 
slouch (liifft a gorilla). His kgs had lengthened m proportion to his arms. 
His teeth had ceased to be fuigs for tearing - in any defensive way - and 
bad becotne useful ooly for bit 04 iicing and chewing. His jaw bad 
shrunk; bis pbysiognomy hadehanged; his snout was becoming a nose 
(uMre suitable Sot wearing spectaclcs later on); and his skul! was 
gradually pving bim a higher btow. He bad lost the last outwatd 
vesdge of a tail and he had shed most of his hair - at least he was no 
lot^ a furred aninul. Peculiarly, among all tbe cieatures. he had 
become the one least equtpped to cope natuially with the elements. He 
had neither fur, féather, thell nor scale. At hest he had a skin whsch 
would pigment as a proteedon £rom tbe rays of the suo. That, however, 
ixnplied ihat there was sim and warmth and, yee, proently we 6nd him 
with conditiou for which he was ill-equippcd by nature. 

6 . TBS FIXB'MAKIMO MAN 

The reason for his mobility over the tut&ce of the earth and for tbe 
tarvTval of his evolutionary species was that he became a tookmaking 
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aiui fii^nuldng animaL It i» elever of a Ubooo to pick up * «tone and 
fling « ae an eoemy or a prey but it is quite a ttep to p« that stoM cm a 

sdck and use it as a dub. For one tbing, ic imptia a threwdoeai 
observatioa. We can tee that, in prindple, tlie dub å the 
the foceann and the denched fist. To out-readt bis enemy, primitive 

Man found that by dutehing a bone or a btaneh of a ttte be could hit it 


Oumpuisee tryiag to bc a tootmakee 

out of range of &ngt or daws. The denched fist. tbe ‘packed punch’, was 
nsefitl in dealing with hit ovm kind; tum that denched fist into stooe; 
extend tbe forearm with a shaft; and you had a dub. The sharp-edged 
flint, or broken pebble with which he could cut open the drmf of tbe 
animals whidi provided his fbod became, (br offensive purposo, a 'fist" 
fiutg*. a etude knife or dagger. This again, as the spear, at tbe end of a 
sdck cotdd give primitive Man an advantage over his enemies, 


The disctacdon between tooI~using and tool-making is important. 
Chimpanzecs ate the ooly apes leliably repotted to make tooh. A 


ft. S. 
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will oy to reach an object with a sdck. It Icnowi it can 
f yynH iti arm m this way. If the stick is not loog enough, a tamc 
lus becn known to fit a piece of wood into a bamboo cane 
to get a furthcr exteoaon. One migbc call this 'tool-making', but the 
term would be more appropriate if instead of the second piece of wood 
the / 4 iimpanMi» inscTted a broken flint as a spearhcad. In other wocds, 
tool-making really a combination of ideas. It is not only obscrva-* 
tioo - iminnng or 'aping’ something vdiick alrcady exists; it is also an 
of ideas and manipulaåve sViU« to transfonn tbese ideas into 
piactke. Tool-making depessds on the flexible digits. 

primitive Man was able to kiU hu food-prey or a bestial coeiny 
and he could strip offthe sldn, be found that wnpping himself in such 
a skm wouldkcep his body wann. Bue this led oo an even more impottant 
disoovery - dut in these furs he had tbc meant of adapiing himself to 
temperatures. He oould dten himsdf not only according m tbe 
seasonbot according to the heat or cold of the day. Ifbe wanted to be 
wartner, be wr^ped himself in more fnis and, if he wanted to be cooler, 
heshedthem. 

IlitB be was no longer hostage to dse tropkal heat of his origins, or 
limiwd by his na Ved»>f«s He could move into the Temperate Zone or 
uldmately into the Proxen Zone. bdeed, as a species he was able to 
sttrvive tbe lee Ages. 

This survtval by Home s^iøir and his immediaee precunon 

depended oo something eJse as weO. Tool-making was one ching. Hre- 
was anotber. It is a characteristic of wild animals (as distinet 
from t^ domesticated cat purring on tbe beartb-rug) dut tfaey fear fixe. 
In tbe primitiTe wocld. fire could only be assods ted with destruction - 
the lightning flash and the Ibtest fire which it would start; or the scorch- 
iog destmerion inflamed by tbe white beat ofvolcanic lava flow; or tbe 
mysteriom fires sprouesng &om ebe ground whkh we no w kno w as the 
flam« of naniral gas or oil scepage. Fik was fiightcning. Tbe deep 
of aQ animab was to avoid tt. Yet tooiehow, somewbere, oor 
primitive ancescort came to terms with il. 

Leaving aside dse Grcek legends of Protnetbeus stealing the fire &om 
the gods (a legend whkh tn varied forms is refleeted in tbe mytholc^es 
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Timing of 5t« u imigined by Vimiviui {tuU 


of nuay peoplo) the ntiooAl but tdll remorluble expluutioa probably 
lie$ witb lighming stnking a crcc. 'Rcnurkabl«' bocawe tbe emture 
who waj to become the fire-ceoder mmt have had inugiiudoD wbkh 
u something more chan tbe inmnets of tbe aninub. ImagiiutioD exag- 
gerates tbe iudocts of ku. No form of fire is more fe g h ri» n ing »ban tbe 
cosmic force ofligbtxung. Yec some<M)c, somewhete, obterved tbechain 
reaction tbaC Eghcning created fire and that a spark or a fire brand could 
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coavef that fire. Hete wcre observatioaand a ooorage wlucli truttccnded 
the bmts[ To take fire and tame it > to confioot nature in its most 
ternfying fi>rm of lighming and to see ita fire not as a tbreat but as a 
proouse - tfaat was prunitive Man’s fim epic victory over nature. 

Rre-^ending must have oome fim - keeping alive a Same bortowed 
fiom nature. FiieMnaking - crcating flame at wiO by flint sparks or 
wood £nction - came nuich latec. Wbat fire meant was dut our piimitiTe 
anceston were now aUe to keep tbemselva waim and to toast their 
food. 

Animals have sheltcxs, the nest, tbe lair or tbe den. Out anoesttal 
creatures bad ibår caves. With fire, they were able to add to their 
sheher the amenicy ofconttoUable heat. 


7. t&BMOKY MAN 

With fixe, with weather^proof sheltcrs and skins at his comimnd, 
primsttve Man became ftee to spread into every clinudc zone. 

One might say thai the manumission whid set him fiec was wiicten 
tn bis own hånd, for it was his toobmaking wbkh made it possihle in 
the fim uistancc. Bus that is only partly true. Combined with die sldll 
which lus band acquired was lus power to see thit^ in relation to each 
odier. toclassify t^mand tosee waysofchanging them. Nor would 
that have been enou^ Hehad tohavesomemeansofpasting oit, and 
sharing , invenhvc ideas, within his cootemporary group and fiom • 
geoeratkin to generation. 

This is what we caU ‘cradidon’ as disdnet from ‘insdnet’, whkh is a 
bmknn memory to he passed 00 m the genes of any speciet. Tradidon 
is expetiment which becomes cxpciicDoe and it has to be consdously 
passed on in the same way as tbe ctafisman ctaining his apprendce. To 
observe, to note and to do something as an individual it not enough, bue 
to communkate obsenradons and tkills to otbers to that they can add 
fiuihcr experiments to tbe sum of expcrience is to create a culture. 

Where tndidon blimited, culture ceaset to grow and will wither away. 

Or when tradidon becomes fossilised in convendons ^ 'What was good 
extou^ for my fiitber å good enou^ for me’ > it becomes a re^ of 
intetest only to archseolc^psts, a deaebend in hiuaan developmenL 
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Passing oa informadoa prcsomcs tome ferm of lu^uage. The use of 
tooU presupposes inteUigeac behavtour. A tool-majcer, it hat beea taid, 
is alto a word-maker. The tlow cultunl evolution which u evident ia 
theLower Palaeolithicwatalraostcerainlyrelatcd totberudunentary 
fonn of cheir language. Hk hand-^xe peoplet wete tcill communicating 
hy gettuK aod etude nosses. Moceover, ihey wete scattesed tpart^y and 
it needt a large group both to improve on tkillt by sharing experience 
and to cccace a language. Improvement also depends on an element of 
compeddon; the individual nuy be tacu£ed with a erude 
but if hit neighbour has a becter one, more ttylish or more efBcieot. 
be will be encounged to refine hit own. Tbut is the beginning of 
Art. A ilint hand-oxe may be eitbet a tagged piece of ttone - as erude 
as the brolcen botele of tbe saloon fights today-ociteanbeascarefislly 
worked as the Acheulian (befbre the Third ke Age) specimen feund at 
Wolvercote tn Oxfordshire, or cqually skilful tpeeimens tn South 
Afeica, Kenya or Madras. Pride in workmatuhip is tMt the quality 
of the bennit but the shared appraisal of the group. 

Crafesmaoship, tberefore, was the prodtict, as well as the srinmlm, of 
the eaily social group. It also belped the prooess of social difiérendadon. 
The fieecest hunter, or the shrewdest ipeaiHhrower, nught not be the 
best fitnt'flakcr. So thae even in (he simple hundftg group, an element of 
specialisadon devdoped. And certainly of standardtsadon. Tools 
became reoognisably funcdonal - the speat-head, triangulat with 
sharpeoed edges, was classifiabiy difkrent from the D^haped scrapers 
with which pelts were prepared. The Neanderthalen were alieady 
using flint spoke-shaves to sharpen wooden speart which they bardoKd 
by fire. They were no longer improvising; they were maldng tools of 
a startdard type; they had apuepose ferapaidculai toolintbeii minds. 

8. NSW MAN 

About 10,000 years ago rajrid cultural advanccs, acederadng the pr^ 
ccsies, of the previous millson yean began with the cmergence of highly 
sueccssful types of Kemo upient, nocably the Cro-Magnoos. They spread 
from South-west Asta during the second balf of the Utt Ice Age. They 
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A3.C Woodes dabi fioco die Piåfic bfandi. D^. ftkimo boae 
iQOw-knife. Kitio dub lad bUibbet'hook. GJI. Iroa knivei from tfae 
Coage 

replaced the Neanderthalen, who dmppciTed - apparently suØaing 
tbe &te wkicfa has ovemkeo recent aborigioali in contact with European 
cukuf«: they were eitber kiiled ofiTby tuperior weapont or ttarved out 
of exuteoce by competition. The New Men were not only much more 
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inventive than tbetc predecesson but devdoped acdstic tkilU whtch. to 
nuny re^ects, catmot be excelled today. 

Almosc certaitily, this wat the result of the growth of an ocal voca> 
bulary by which they could expUm to each other and teach rhwr 
apprentkes. They not ooly made tools but they tooUmakiog 
tools. For exatnple, flint chtteb weic devwd for working tw««*, antler, 
ivory and wood. They began to apply mechasucal methods to the move- 
ment of tools and weapocu. Speaxs were launcbed with throwcrt which 
oa the lever ptindple incrcaied the propelling powet of a man’t arm 
and the range from which he could strilcc ae his prey. The bow was 
invented, probably in North A&ica. It not ooly was a means of pr^ 
pelling an arrow, but U also provided a tnedtod of twirlmg a stick and 
thus produced the rotary drilL 

Rotary motion, of which the bow-^xiD b an example, was a point of 
dcpatture in wme ways more signiflcant than the taming of fire. 

Considet the ingenuity which was involved: previous advances had 
been the exteaisioa of the ptoperties of the limbs; the dub was a longer 
forearm and a heavier fist. k was true that the ball-and>scxkee of che 
human joine was a roary principle bat primitive Man could only 
observe it in die disarticulaced skeletotu of hu kind. In chose bony relics, 
the pdnciple could scarcely be telfevidcnt Tbere was nothing really 
rotary in the New Man’s expcrience; he had to discover it for Kinwlf. 

A smooth, round sddc with a flint point can be set in motion by a 
different set of muscular movements. The sårring movement can 
enlargc a dibble hole in the ground but if one wants to bore a bole tn 
hard roaterial, tbe baid-pointed sdck has to be clamped vertically. Thb 
can be done by rolling it beewccn the palnu of the band- traDsforming a 
hotizoncal movement into a rotary one. Tbe ancients dbcovered tfaat by 
a spinning frktion they could drill a bole in the toughcst bone or ivory. 
They abo fbund dut firicdon produced heat and could cbus provide a 
managcable soittce of fire - like modem Boy Scouts rubbmg sticks 
togct^. They then fouod dut by firing the drill in a sleeve or socket, 
by bftlding it rigid in the hole and by twtsdng a sizKW or thong around 
it they could cause it to spin. This led on to the bow-drUl in which the 
eods of the cord or sinew were actacbed to che extremidcs ofa bow and 
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kept m teouoo to dut tbe rotatkm could be maintuncd by a tawing- 
movemest. Tite bow-diill u ^ uted cffidently by die E tld m oa today. 
Tbe drillitbeidia an ivofytodcetwbich tbe Eskimo grip«iah»power> 
ful jawt and be pushes it, as it must be puahed. into tbe nuterial co be 
wocked by ibe powerful tbrust of his neck; be then ’taws* wuh che 
bow. In various fsims this type of drill bas existed tn pre 4 iistory, also 
in historical dines, and in present-daypcimidvesodetics. Geographically 
it is tpread all ovet tbe worid and tabes big quesdocu about 'difludon' 
(tbe transfist of tldUs by migtadon) or wbecber in eacb area it wat 
indepeadently dboovered. 



Hrfr-drin aod (wo Bgyptun hietoglyphi tepreMnong fixe-ddlb 

From tbe rotaiy pcindple came tbe fiie<Hlrill: also tbe rocary quem, 
wbicb ground se«ls becweea revolving stooes; and tbe spindle by which 
fibres could be spun tnto tbreads. Rdated to dus was tbe pottcr's wbecl 
and tbe wbed for Trucks. 

Tbe wheel was tndy revolutionary - in both senses of tbe tenn. 
Mechanically it provided oondsuous rotary modon and culturally it 
was so sigttificant tbat tome anthropologists and histonani tend to judge 
die of a race or people by tbe existcnce among tbem of tbe 
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wheel. The gibe agaimt the bUck A£ricaa ii that he has becn peretmially 
backward bccause ‘he ncver devdoped the wheded vehkle'. (Wtih die 
evidcnce of the wheel in tbe Saharan rock-pictuccs, thb gibe beoomes 
disputable.) Netdiet did the Eskimo, the Mayans, the Incas or the 
Azteci have wbeeled vehicla, but no one woutd luggest that any of 
these wcre deficient in innate intdligence. There is a more obvioui 
explanation for the lack of the wheel in certain geographic ateai: 
tropical focests. witb dos^iet trees and undergtowth. would certataly 
discourage the use of a wheeled vehkle, just as they would defeat a jeep 
today; a sledge is obviously more cffident in the tnow-desetts and cara 
have positive disadvantages in mountainout country. 

9. MAK OK WHBBLS 

Nevertheless the wheeled vehi'le wu one of man’s grcatcst du> 
ooveciet. It is easy to see how ptimii ive Man might have discovercd bow 
to move heavy objects by rolling thetn along on trce>4nsnks and 
shufHing them from one set of tnxnlcs on to another. k wat, however. a 
big step in iinagination, and in technology', to advanee from that eo the 
feæd axle-tr«, the bub. and tbe disc whed. 

Hie earliest evidence we have of the use of wheeled vchicles is the 
tablec-picture of a sledge on fbur solid wheds. This shows that it existed 
tn lower Mesopoamia, at Erech, in Sumetia, about 3,300B.c. A thousand 



Limestcoe rehef from Ur, befoce 3500 B.C 
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yean hter, the of Ur wm being buried compUte with thdr 
heuKi. Seven! royal tombs ae Kiah, Sun and Ur. dattng becweco 3,000 
and 3,000 S.C.. coocain tbe Todges of luch vehlcles. The wood, bow^ 
ever, bas virtually vanisbed and the vehides aie no more tban tnouldt - 
{» qpriftci in the sotL (t is not convindogly appuent from tbese whether 
the a 3 de-<ree and the wheeb were all of a piece (Uke a duml>>beU) with 
the axle rocating m a fized »ocket in the sledge (wbkh was wbat the 
carriage baaically was); or wbetbet the axle was fixed and the disc- 
wbeel rocated on a hub. Somerian pictura uiually show a drcular hole 
in the wheel, suggeiång a hub. and a peg through (fae axle, suggescmg a 
lindnpb, KftUin g on tbe wheel. There is cotnprehensxvc evidence of 
whecled vefaicles before a,ooo B.& in Ch i n a, dte Sind, the Balkans, 
Sardinia, Spain, Scandinavia, and the British Ules. Man, 00 wheels, was 
certainly getting around! Even before 3,000 B.C., be was already osing 
che wheel as a military engtne (wfai h, in ia origlns, must have been as 
demoralising al the Pyrrhic elephanx or the First War tanks). Chariots 
were a decisive arm of Sumerian svarfåre. 


la MAN AND HIS GåOOP 



The ea fiies t and simplest form ofsodety was the hunting group. Onr 

eatly progenitor, naked to 
the elements, fångless and 
cUwless and not as fleet as 
most of die beasts that 
might prey upon him, 
would ^ ill as the looe 
hunter. Only tn combina- 
Qon with his frllowi, pool- 
ing their resources of 
ingenuity and prowess, 
CDuld he really hope to 
nirvive. The group could 
be small but it had to be 
large enougb to be viable. 
They had to fbllow their prey, so tbey tanged £ir afield and in the 


GtBoping idniker aagrsved on plsque of 
tdiut, ladR, ftaoæ 
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coune oT titne spcead acrou tbe land tut&ce. Tbejr could do thii, as has 
alceady been pointed oot, only when thcy were the masten of tfadr 
pencHial eavirornnenc. when dwy cooJd clothe ihenuelves, or nnc b thf 
themselves, to meet the dimacic variaåom. 

By dbe dme New Man appeated, Cro^Magnon and his like, he was 
no longer merely wrapping the skins acound himself bat ihaping 
and seaming them, stitdiing with awl and tmew, into whkh 

could clotbe his essdxe body > coscumei which wete not uiUike those of 
latter-day Esbmos. 

He had masteced fire - fint, no doabt, as tbe commoa camp fire of 
the group but, then, as the domatic heaith in his Cunily cave. It gave 
hisD warmth at night and a cooldng ftre. As an impoctaat fictor in his 
cultural development, he discovered fire also as a source of iilniwmttrfftfi 
When he needed portable light, he could use a brand taken fiom the 
fire (the brand was also a weapon a^inu his enemies). He dtsoovered 
tbat certain woods bumed wdl and not too quickly. He fbund that 
lumps of tree resin could provide a bright artd lasdng He aho 
ditcovered that could bom and provide him with bis primitive 
candles. Oil, widt some sott ofwick, could give b»m a concinuing 
and saucer lamps wete known to the Palaeolichic cave dweOert. 

lUominadon became anotber factor in the mastery of his environ- 
ment. His movements wete no lostger limitcd by the sun-dioun or by 
dayiigbt. He could go underground, with minen’ kxt^ to get the 
buried flint stones for hu coolt and weapons - and, inddentally, to 
discover duc fire oould be used to rend rocks. When night put an eod 
to bis hunting, he could extend his day in lighted leisure. TJfc/- tbe 
modem Eskimo carving his toapstone or ivory during the loog Arctk 
night, he discovered interests which became arts. The cave drawtogs at 
Altamira, Spain, the work of artists 20,000 yeanago, and the rock dnw- 
ings throughout Burope and Afiica, show dut Man, in tboie days u 
now, was not only a shrewd observer (down to anacomteal detaiQ but 
had tbe iriesistible urge to record his observations. 
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II. MAK TAMSS BIS FOOD 

Voy early in Min’s history, he diicoverei anotber means of rcdudng 
tbe cageocK} of his environment. Uolike dx bcasts which mmt gorge 
themselves oa food wbea it is avulable and scarve when it is not. Man 
leamed how to preserve Ibod, hy hangiog it tn the smoke of his cav«; 
by drying it m the heat of the sun, by picldtng ic m brine; oc by rubbing 
it b coarae salt In coldct dimatcs he chscovered eleioemal rcfngendon 
- stonbg food m the &ozen gronnd or by covering it with ttonet which 
would not ooly keep it safé &om fongtng bcasts but would keep it cold 
and delay putreftctioa. None of thesc were bvendons. Thcy were dis- 
eoveries through obscrvatioa of natttral processes, which he tusned to 
his own advantage. 

The primitive hunters began to domestkate anitnals as well as to 
punue them. Almosc certably the hest animal to be domesdeated was 
the dog, which was to become Man’s partner m the hunc. What the 
jackal is to the tiger, the wild dog was to Man. The jackal eats the 
remains of the tiget's prey. The dog ate the ofial wh^ the human 
hunter left. Thejackal, hosvever, is an in£;tior bteed because he b almost 
incapahle of hunting for lutnself The wild dog, wfaile be mtght be an 
occaskmal hangerocn, was also a natural hunter. Moreover he bunted 
b packs, with an acknowledged leader. 

Creatores which foUow a leader can be led; they will transfer thetr 
loyalty if tbe leader, m this case Man, is supetbr b strength and eunning. 
Thcre is aho the bscinet b humans which oukes them pet crcatuies of 
which they are not afraid. The wild dogs that hung around tbe huntbg 
group, to savenge or to rob, not only lost theår féar-smell of Man but 
Man began to pet them, to tfarow them scraps of food, so that they 
would come back fer more. A stiay pup would become a natural play- 
thing. And gradually the wild dog, or certab varieties of it, would 
become dependent oa the human group, with an allegiance to it. and 
would hunt vdth tbe group and become a valuable ally. 

Another factor b cacly domesdeation of animah was tbe use of the 
decoy. Decr-hunten, fer enmple, would breed decr m capdvity and 
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use the feoulc or the rutting <tag to Attrået the wUd berds, to distnet 
their attention oc aUay their feats and allow the hunter to get wtthio 
ttriking distance. Dcer taxned &r this lund of usefulness would lututally 
be tended and cared for by tbe grcnip and, sharing nomadic habits, would 
develop an aÆnity - like tbe rdndeer of the Old World Acctic. 



Hunting scenes &otn Abydos, Bgypt (bdbte 3000 ax.) Aowiag lasso, 
throwing>ftiek. spear, bow and dub 


The setange thing ts that the randees’s cousin, the caiibou of the New 
Wocld, although a greganout, ionocent creatare, whkh in all tbe 
miUennia has nevet learaed in its migradom to avoid die predadoDS of 
Man, has never been domesdeated by him. Although tbete is evidcncc 
in Eskimo ivory carvings of tbe use of deer-decoys, the American deer 
have never been berded. So mueh to, that wben the Canadian Govem* 
ment, anxious about the dcpledon of the wild herds of caribou and tbe 
consequent threac of starvadon to tbe hundng Eskimos, dedded to do 
sometWg about it. diey had to itoport reindeer. In Alaska, this step 
had already been taken. Lapland deer wecc alrcady being herded there 
and the Canadians, in 1929, made attangetnents for the delivery of 
3,000 reindeer iiom Alaska to a tange oear tbe mouth of the Mackenzie. 

This was the beginning of an epse trek in oontemporary hutocy. The 
drive &om Alaska ttaned in December 1929 under the direedon of a 
veteran Lapp, assssted by othet Lapps and several Eakiinot. The herd¬ 
migration was beset by privadosu and hazards during dse crossmg of 
the mouotains of oorthem Alaska and the detolate Coastal pUin of the 
Mackenzie Delta. Some of the reindeer broke away and fetind their way 
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back (O the range from whkh they had come. Many wete Idlled by the 
btizzard* or maaacred by the wohres which foUowed the trek. The 
lottea wcFC heavy but nature was penitceat and the birtht of fawm each 
year made up the deficit. The rcindeet attiTed in Cawa/^^an tcrritocy, 
three yeats after cfaey had tcarted, but it tdll took them another year and 
a half to reach the range tast of Mackenzie. To cover a ditcance of about 
500 milca had taken four aitd a balf ycan! 

Decoy domesticatioa wis pn^bly the origin of tame cattle. Ir it 
known that catde. »uch at aurocht and btaon. wete med as decoyt by 
the hontert. but h u more likcly that they wete in a simiUr category to 
the preacnt-day ekpbant, caught and tamed for a pardcular purpote but¬ 
not really 'frrmed*. Sheep and goats wete among the creatures caily 
domeiticated. Fowls, in the beginoing, wete probably regatded more 
at pett -> game<ocfct for fi^King, for example - rather than at aa 
ecooomic proposdoo. The bone, the an, the camel, and the llama appear 
to have been reladvcly late-comert in the procett of domesdcation* They 
belong to the biggec todal groupt which needed beatts of burdeo to 
carry themtelvct and tbeir cfaattelt, radier than to the tmaller hunting 
groupt whkh needed domesdeated aninuh at tupplementaiy fbod. 

With the ptogtesivc dotoetdcadonofanimalt. die way wat prepared 
for the evolution from a hunting tociecy to a pastoral aodety, tdll 
ootnadic but with the tource of fbod under human direedon and 
Control Man wat becoming a manager. 

13. THI NIOLITBIC KBVOlUTION 

At one stage of the evoludoo of Man, hit progeniton were vege- 
tariam and, at evezy stage, there has been an ambivaleoce •> part herbi* 
vore, pait camivore. The flesh-eadng huuten had their salad days as 
well. Evai die Eskimo who, from nocessity, ate more animal and fish 
protein dun probably any race on earth. bad his nacural greengroceties 
- summer plantt, which he ueaced as delicaciet. 

tn a cave on Mount Carmel in the Holy Land, Dr Dorothy Garrod 
(inearthed drot oddes, set in carved bone handlet - proof tfaat 8,000 
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yean ago, men harvested graitt On Mount Hermon to the nortb, 
Aarontohn fouod die coarw grasses. the teeds of wfaich chose early men 
had recognised as food and whkh became the ancescors of wbeat and 
barley. 

AU tbosc thousands of yean ago, loog hefiiire Abnham left Cha l dr w 
Ur CO become the Hcbrew patrbrch, &diet of a justoral people, thosf 
anoestrai men had rcalised the vircues of grain. Ihey ni b b trd the wd 
iotheeanandfoundthemgood.Tbeydtscovered chat&omduise seeds 
more graases with more seeds gcew; thatifthey scratched the ground, 
the sceds grew bccter and that if chey chose weU-watercd soU. as in the 
river vaUcys, the grains gcew stUl more plentifuUy. 

That. not the domescication of aatinaJs for pastoral herding, wu the 
beginning of whac we like to caU 'civihntioD' but whkh re^y meau 
the growth of dcy-culcures. 

When men began to ttU the ground, chey became sccders. Tlidf 
priinitive homestcads grew into viUages; villages into towns; towns into 
ddcs; cides into empires. They feund that chey oould grow ccops, 
sufficient not only for themselves and their families but fi>r othcn - the 
potters, the weaven, the metai-smidu, the priests and the doctors. With 
surploses they could exchange food and goods with odier settlements. 
Trade began. but baner was cumhrous so they invented tokens. Money 
was exchangcd for goods. 

Culdvation mcans the deliberate sowing or plandng on a prescribed 
atea to produce a predictable oop. Hiis was incoRsistent with a nomadic 
life, alt^ugh it can be safely assumed that the hanters and the herders 
bad some knowledge of potential crop-growing. Nuts, seeds and the 
pips of fcuits brou^ in by the firutt-^theten ofa wandering tribe most 
have germinated near the camp^ites. Similarly, the rooc-plants whkh 
they ate must have been observed to sprout. The obscrvadon mtist have 
been there for countlcss thousands of years, but some gcoup - like the 
sLcklo^users of Mount Cannd - must have bad the inidadve to abandon 
a way oflife. Hiey must have abjured the chase and the lierd*waoderings 
over the steppes to await the seasonal recuzreoce of die cxops they pknted. 
This bas been callcd the 'NeoUthk Revoludoo*. And a revolution it 
certamly was. 
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IJ. TH* AltHGOIlY Ot CAIN AMD ABBt 

The BiWioi story of Cain and Abel caa bc read as Ae powetful 
arkgoryofthBterolxiåotiL. Abdwasdieshcpbefd. He drove lus flodes 
and herds over Ae wide pasnires of tbe Middlc Bast. Cain was ibe New 
Man, Ae culdvator who ipplkd kaowledgc to Ae probleins oflivdi« 

hoCKt The herdanan »uld g« enougb foeagc for his aninials during the 

Tm-TT i« of Ae rains which brooght up Ae hetbage of desert and steppe, 

but in Ae dry scawa Ae custom of neocsiUy had made hixn retreat to Ae 

tiveeJands. Thea came Ae Ane when Cain, Ae setder, had occopied 
Aok fivec-lands and was culnvaAig his plants, domesticaAig his 
animab and namiring his soiL He displaced Abd; hc 'killcd’ Ae nomad. 

(ITk story was repmtcd in Ae United States in Ae last century, when 

ai ^ ni of Ane werc tdeswped into decades. The InAan hunters we« 
replaced by the cattletnen; Ae cademen by Ae sheep-larrocrs: and Ae 

hcrd«DcnbyAchoinesteadcrs.EaAresbicdthcoAet.) 

The fin* calrivatots wcte by no mcans restricted to cereals. Thcit 
foo<tgathering predecesson had kxiown Ae value of green vegetabl« - 
cabbagc, leCtuce, spinach, nettie*, aess and peas. Thcy knew rooti. like 
canots, otuoos and radishet; and feuits and nuts and od seeds. Partku- 
htly Aey valaed Ae pulses, the seeA of legumiaous plants, soeh as wild 
peas, leotils and vetebes. 

At Merimde. Ae early settlement m Ae NUe Delta, peas have been 
disooraed dating back to 4.400 B.C. They were also found, wiA Ae 

lentfl, m the ruin* of Ttoy and Aose of Minoan Grete. The black lesitils 

are indigenous tn souA-cast Russu and in eountrie* of Ae Far Bast. In 

Ae Orknt, Ae hi^ protein »ntent of pulses made them a valued sour« 

of fixid of Ae early peoples, as soya is today in Chixa and Japan and 
gram in hidia. 


14. SBOM fOOD-CATHBWNC TO TOOD-CROWBB 

Grams, however, were the ctop* whkh Atermined Ae character of 
Ae NeoliAic Revolution. 

At Jarmo, in the fooAills of nocA-eastem Iraq, Aere is what is 
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believed to be die eatlicsc agticulnml tetdexneat yct discovered. It has 
been possible to date, witb some sdendfic accuracy, che reoiains of this 
Neoliduc depoat. This has beea done by tke ndiocarboa metbod. 
(Carboo which emits nys is presene in nitural carbon and can be 
detectcd and measured by Uboratory cechniques. This carbon, C**, has 
a hal&lifé of 5,360 ycars, diat is to say, faalf cfae ny^mitting atoms whicfa 
would be present in any quamicy of carbon wUl have 'expiied' in tfaat 
pcriod and, at any dme, die proportion present wiU be a measurc of tbe 
age of any sample.) This dadng puts the age of Jarmo at abouc 
5,000 B.C. 

(Q WJuat taid Barley 

Culdvated emmer wfaeat has been foond at Jarmo in association wich 
two*row barley (witb six gcains of cwo opposed spikelets) witb einkent 
wfaeat present as a weed. 

Emmer b wbat botanbts call ‘tetrapioid*. Thu racani dut it consists of 
font sets of seven chromosomes (tbe paebages of genes whidi carry tbe 
hereditary traits from one genendon to tbe next) and these, in die 
reproduedon ccUs of the plants, divide into ewo equal senes of fburtcen 
chromosomes. Binkorn u a 'diploid', tbat is, witb two sets of seven 
chromosomes. A tbtrd dynasty of wfaeat u tfae breed-wheet groop, wfaiefa 
b 'hexaploid*, dut b, with sut sets of seven chromosomes which m tbe 
reproduedve cdls divide into two equal groups of twenry-one efaromo- 
somes. 

From archaeological evidence it would seem dut die fim wfaeat taken 
into culdvadon was emmer. Wild emmer oceuts in Palesdne, Jordan. 
Syria, Mesopotamia, Armenia and Persia. Wild einJeoni oceues in cfae 
Balkans aod western Asia Minor, and on du shores of tfae Caspian and 
throughout Mesopotamia and west PeesU. No wild hread-trheat has been 
fi>tand so dut b can only be assumed tfaat it b a natural hybrid - bctweeo 
emmer and einkom. 

Barley in the wild State has been ttaocd to Palesdne, Atabia, Asb 
Minor, Transcaucasia, Persia, Afghanistan and Tibet. 

Grain-husbandry, botb of wheat and barley, spread up tbe Dasube 
into central and western Europe. From Troy, norcb-wcstwatds, dnkuni 
was more successful and persutent dun mmer, a plant of botter enviroo- 
ment, altbough the latter became adapted to colder condtdons and, 






TBB INHBIITOBS 


4a 

prcsmnpQTcly. pUycd the Etc to etnkam’s Adam in tbe developmcot of 
Entope’s breaJ-wheat. 

ØQ Rye <md Oats 

Rye aod Oats began dieir caiceo a$ the weeds of tbe wbieat and bacley 
Experimeno in Btandenburg have proved that. if ao equal 
number of wheat and rye seeds are plantcd cogethcr. tbe crop changcs to 
pur« rye widiin three yean; and have shown that wherc d i m atic con- 
difficuh for wheat, die rye takes over - a diqtetuadon of 
natnre which made it possilde for cereal culimdon in the cold Balde 
re^n. Oats hada similat history - a foingbcedness of nature to provide 
tbe nottherly Sooes wtth chdr porrii^et 
(uQ Rite 

For two-durds of the world's population today, tbe staple grain is 
rice. Tbe ncarest wild plant to ciddvated tice is Oryxajatua, which is 
foimd wild throughoot south*eastem Asia as for sooth as Java. About a 
diØérent species of Ory» are found in Asta, A&ica and South 
America, k is posstUe, however, that ooe of these wild species are de- 
genetates from coldvated rice which at some time or other bad been 
imported tnto various regiotu. 

Even today we can leam &om the peasants in soutb-east Asia how our 
early anccston obt»ocd this rice for culdvadon; they de the awns or 
beards together before maturity so Chat they do not scatter and can be 
tavedas seed. 

Rice was not the crop of die Egypdam or Chaldeans in very andent 
It k, tberefore, impcobable diat tts culrure oii^nated in Afoica 
and foOowed an eastem roum into Asia. Another fået which reinforoes 


tbe dieory of the Astan otigtn of tice is that. in the most andent languages 
of the Ckient, agtkulture and riee are synonymons. Although in the 
rccotded history of China thete are teforcnces to rice, its pre- 
history more probably belongs to the area of sootb-east Asia, whence it 
most have spread northwards into China and into kidia and been 
caicied westwards by the Aryan dispertaL It was inerodueed into Indo 
nesta by the Malays in tbeir migtadoo there about 1,500 B.C. 

It was a dry-land crop in its htst forms of culdvadon. The wec paddy 
were a mueh lacer development. The first antbendc record of 
irrigaDOO for tice culdvadon is to be foundin the Book ofPvdry, supposed 
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CO have been writcen duriog du Chou Dynaacy in tbe eighth century 
8.C. Thete are references in other old wricingt to ‘land cUJeid with fire 
and hoed witb watec' which refen to che buming off of the crees and 
undergrowth, du Aooding of che land and tbe puddling of che toU. Tbe 
pracéce, however, is probably older cban dus recorded history because 
che wondcrfiil system of terraces on tbe mountain>tides of tbe Philip- 
ptnes was constructed by setden feom Sootb Chtna about a,ooo B.C. 
aivd they presunubly brougbc duir practice feom long past experieoce. 
(iv) Maize 

Alchough tbe plants of du American coneuuno were uldmately to 
double du food sopply of tbe older contineots, no plant culnvated by 
du American Indians was known to Asia, Burope or Afeica prior to tbe 
Wbite setdetnent of America. 

In du absence of any archaeological evideiue to oon rrad kr it, tbe 
presumptioo »tbat Homo sapiens rcached du New Wodd somewfaecc 
becweea ten and twenty thousand yean ago. While tbe campus of tbe 
Univenity of Alaska was bdng exeavaeed, eools were feund similar to 
those known to exist in NeoUcfaic dnus in du Gobi Desetc. Stone 
implements oceue in association witb du retnains of exema bison at 
sites in Colorado and New Mexico and on du soutbem dp of tbe 
Argentine coob have been fbimd, used by nun wbo bunted and ate an 
exdnct type of American horse. 

Along che shores of dtie^op lakes in Califocnia and Texas, moctan 
and grinding scones have beenfound which show tbat tbe eacly American 
erusbed nues and seeds into flour. These desert culturesarc very impottanc 
because duy show a way of life which leads eventuaUy to du growtb of 
agriculture. Hunting, fishing and food-gatbering seem always to have 
been combuud. No hunting group in die Americas appean to be 
endrely camhrorous. Bach toedt advantagc of tbe vegetable pcoducts, of 
which, in Noeth America, fbur hundred species are known to have 
been med. 

In earty BrazU the staple diet was cassava, »liai mamoc, alias tapioca. 
The use of dus as a souroe of food shows a surprising de g rec of expert 
intelligence. The starch, which is tbe feod, comes from the soft root of 
the plant. This has to be stripped of its rind and grated down to a pulp 
which has to be pressed to cemove du poisonous juice. The flour tfaus 
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left was fbrmed into cikes and baked. 

The ofPcni yieUed tbc white potato. whicb. at a later nage, 

waa to bc soch an eoomious &ctor in thc food economy of ehe Old 
WotlA But in America, as in Aaia and in Europe. foc dcvelopmcnt of 
culuue was the ultiinate basis of agriculcure and seedement. 

Maåc, or com, is onc of thc most rematkable of all cultivated plants. 
It is one of the doaen ot so crops which stand between nunkind and 
starration. 

To the sdentists, it still has the quality of a mystery - litcrally ofa 
•whodunit’ - beeausc, as it odsts to^y, it musi be the result of hunun 
interventioa. It b unique amongst ceteal grasses. ^ 

The tetmissal inflotescence, commonly called tbe tassei .usually bears 
ooly male flowers. each of whkh coneains three pollen sacks packed 
tightly wifo a.500 poUen gtains. They atc light in wdght and are easily 
caeried by the wind. The inflorescences on thc side, which become Ae 
cobs of eoro. have only fesnalc flowets. These have poUen- 
recepdve organs, ealled ’silks’, coveted with fine hai« to capture the 
win««down pollen. Mai«, therefore. unlike other ccrcals,« a natutaUy 
ooss-poUinated plant. That U why it has been possible to prodoec 
hybrid com, one of thc moit spcctacukr appUcadons of applied biology 
in modem history. 

Culdvated com. however, has no meehanism for Ae <%ersai of its 
seeds beeausc. unlike oAet giains, whkh arc individually ptoeected by 

chaff. the com coh b entirdy encased in a husk. Thb B very CMvenient 

for Knm^n tequiremcnts but it rendets it incapable of csdsting in nawre. 
Com could not sutvive wiAoot nian’s proecction. How, Aen, did it 
gtow befote man came along to help it? 

Ptolessor Paul C. Mangdsdorf, in a paper presented to Ae Atrøican 
Philosophieal Society in PlnJaddphia in 1958. o&red a foscinadog re- 
cosBtruedon of com’s past: 

From two hundred feet bdow thc present site of Mexico Oty, fossU 
evidencc. a number of poUen gtains, was extraeted during a 

ariHing. The pollen was identified as Aat of com, and. altbough it was 
at Icast 80,000 years old, it was scaicdy disonguisluble in any of its 
charactcriscics ftom Aose of modem com. 
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The scene shifis to a rock shelter, in New Mexico, known as dte Btt 
Gave, was cxcavated by Herbert Dick of Colontdo Utuversiiy 
Museum in i<>48 and 1950. For teveral thousands of yeats the cave had 
been inhabited by peop!e who pracosed a pdmidve ibrm of agriculture. 
Their gatbage and other dfbds bad accumulaced in the cave to a depth 
ofsix fbec. At the boctom of tkis accomuladon Dick mened up some aoy 
oobs about the size ofa one cent piece. Thoee wexe daeed, by radiocarbon 
tests (see p. 41) at about j,600 yean. 

Tbere were noliving seeds, however, so it was impoasible to reproduce 
(rom tbem. Tkey bad therefoie to work &om the evidence they bad and 
ibey found that the tiay kemeb of the cob muse be chose of ‘popcorn’, 
in which die kemels are small and hard and, as every knows, 
capable of exploding when beaeed. But it was also fbund that the Bat 
Cave inaize was also a form of‘pod com’, in the sense that the individoal 
kernds were eoclosed in pods ot cbaff, iustead of the aU-encIosing husk. 

‘Pod com’existstoday as a freak. In some parts ofSouth America it is 
pceserved by the Indians, who believe cbat it has magical properdes. 
Odierwise it is regarded as a monstroåty and had been dismissed by a 
numbec of botanists &om any idle in the ancestry of oom. Professor 
Mangelsdorf. however, bdieves tbae it is inonstrous today onty becausc 
it is a ’wild’ character superlmposed on modem highly domcsticated 
varietics. 

*Today’s pod com,’ he said, ’u comparable eo a 1900 chassis powered 
by the engine of a 195S car.’ He ctossed modem popcorn with pod 
com. 

By reconstructing the eom genetically, the experimaital botanists 
have been able to give a satis£tccory account of bow the modern com 
evolved. A simple mutation prodtKed die loweriog oi ebe poåttoo of 
the ear. This separated the sexet and made for a largcr grain-bearing ear 
com|detdy procected by the husks, but no longer capable of dispening 
ics seeds. In the couxse of bistory, man had debberately selected the ean 
most suitable for bis uses and in doing so bad produced a plant dependeot 
upon him and more useful to him. 

(v) Struetural Ptanis 

Away back in the Dawn Age. our primitive ancestors discoveced that 
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mes and plancs could yield him macerials, othec than fbod, which he 
cotdd pot to his usea. Sincefbrcst management and theplaotmg oftcees 
aie a ^eloptnent of compandvely recent tunes (and cngically ignored 
oc n^lected even dow) this dhcoTcry had many disascrous cons^ 
quenecs. Man remuned a gatheio of trcea assd not a cree busbandman. 
As a result, whole vast areas have becn deptived of their trees and 
tutoed to deserts. Esåre civilisadons have been destroyed by soil 
erosioa. 

Anothcr of che ’mdnstnal’ uses of mes was for water transport, first 
as vrooden rafis and dng-out canog, and later as pknk boats. 

Amnng thc construcdossal matenals coUccted since cailiest times aie 
the reeds. Ihey were used for huts and shelten in Egypc 5,000 yeats ago. 

One of the devdoprooits was the maldng of baskets. Aboot 

10,000 yeats ago, just aftec the Ice Age, out Mesolithic anceston were 
altmdy maVtng nets by intcilacing thrcads out of strands of tree-bark. 
Thoe were for fishing bue cbere »i» doubt that the neu were also used 
for canying - like die string bags of today. This was die oiigin of baskets 
which were just a dghter wovcn net. Baskets are vcssels made by inter- 
two or more strands in différent ways. Hus is akin to primitive 
weaving tn which ooe set of threads, the warp, u strecched on a frame, 
while anodier set, die weft or wooC is passed duough at ri^t angles. 
It was only wben looms were intTodoced much later that thc crafts of 
basket'tnaking and weaving drew aparc. 

Leava of culdvated palms, dates (which had to be developed by 
husbandry brea ufg the fiemale flowers have to be fcttilised), cocoout and 
die wmft-palm were used for roofing, walling and mat>making in the 
warmer countries. 

(v^ Flirer 

flax was eukivated at Icast 5,000 years ago, as a hbre to be spun or 
wovcn. Befbre that chere is evidence thie ie was gtown for its oil- 
hf«fing seed. Hemp was the hrst fibre plant of the Chinese, and bemp 
and fiiMcs were known in Egypt tn pto^ynastic times. Its use as a fibre 
can never be enetrdy dissodated fiom its carly production to extract a 
seaedon which has narcooc properties. This, ie has been suggested. 
expkins why, in Eutope and the Mediterranean world, bemp never 
really became esublisbed - because its turcodc properties were less 
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appreciated among people to whom beer and wine were catly availaUe. 

The eariy history of cottoo u perpladng, parrfy because of Ae 
prescnce of cottoo species of apparendy Old World origin io prehistoric 
America. 7.500 yeais ago cottoo exiited in the Indus Valley. The Baby- 
lonian and Greek names for cottoo would appear to confinn this 
origin. The curiom thing, howcvet, b that the wUd varieties of the 
axsdent lodus Valley cottoo found archaeoiogically at Mobenjo-Daro 
(a.5<»-*.50o *-C.) have nevet been found among the Indian spedes. 
Tbey have all the diaracteristics of modem Indiao cottoo, snggesttog 
long cultivation, bot tbey are identified wiA a group of ptana 
to Afnca aod Arabia (see p. 113). 

The developtoent of fibres into tbreads and theooe into weavtng 
represents a very importaot advaace in the sbUt of Horn« sapiens. 
The hunters, like the Cro-Magnons (ot the Eskimos and Lapps of near* 
cootemporaty tiines) knew die use of chrcads. Tbey used che sioeen of 
the animals. Tbey picrced the skins fiom which tbey made dseir 
with awls aod laced them togcther. tt was a btg step, and in a long 
one, betwecn that and che cwisdi^ of fdant fibres or vrool mto thceads 
and the evoludoo of wcaving, which, apart from hi^ ^eed mechanis*- 
Don, has not cbanged to diu day. That meane the complete departnrc 
foom the traditicnal hunting and the developmeot of consisteDS 
with an agricultusal economy and wiA sectlement 

15. TBB EITCBBN 

To che kitcbem of the ancients, pce»enc*day technology should 
acknowledge a great debc. The kttcben was die iabotatory aod work¬ 
shop to wUch we owe fumaca and ovcos, pesdes and mortars, tocary 
grinding and crushing, metbods of f bod preservadon and prcsstng teeds 
and fouit, and the ose of alcohoUc fcrmentatioo. 

Up to Neolithic times - say, ao.ooo yean ago - cooking was laigely 
a matter of sceeping food materials in water and thtowii^ in bot stooes. 
In the Neoltdiic stage, with che culcivatioD of cereals. cooking dcvdopcd 
a new importance. Cereals werc dried for storage and grinding. 
of jmmgTflng stoocs, contauKTs were beaced by dircct contace whh 
firé. Porridge was made by headng cereals in boiling water and, later. 
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biscuics and flat unleavened calces were pt^tarcd. The fint alcobolic 
drinks date bom diis cultoial stage. Food was preserved by ptckling, 
ym pUng aod saltug, and £ats arere prepared as butter and checsc. 

Vegctable oib the olive and from kemels were another remarkable 

dcTefepment. Wlth the ooming of basket-making, sieves were d> 
vclope^ partictdarly to gec betxcr>quality flour. Tbe early Mesopo* 
ncnian terms for sieves clearly re&t to tbeir manu&eture from rceds and 
rusbes. 


id. BABO LIQBOK 


One of the caiikst discoveriet - an interesång piece o( sdenoiic 
observadon - was tbe recognidon ckar 'leavcns*, wfaich were probably 
not leoognised as organums, when added to dou^ produced ^én»enta- 
lioii and a palatablc change in texture. 

Tbe only fermentation process wbich may go back beyond Neolicbsc 
fjmit , and wfaich may be even older tban agricolture, was the tuming 
of boDcy into nectar. Rock paintbgs, found in southem Spain, show 
booey<oUecting in an early Stooe Age huntmg oommunity. 'Wben 
£anniiig began, one of tbe associated industtks was be^ceping. 

At t^ very dawn of history, tfae ancient Egypoans knew chac tbe fitsc 
alcoho lic (érmentadoa was foUowed by a »econd frrmentacioa (biming 
mainly acedc acid. They knew tbe process by whicb a con^nial beer 
could be tumed sour and tbey prevented che second fermentation by 
stoppering cbeii beer jars so as to exclude tbe acetic organisim. As early 
as a,ooo B.C. date wine was the lip^ of the Egypdans and Babylonians. 
Honcy was oflen added to che date joke and die alcobol contem was 
high. 

In early Sumerian times boet was produced by the fermentation of 
bariey and odier ceteab. 5,000 years ago 40 per ceni of tbe cereal pro- 
duction of Mesopocaxnia was used fer brewing. Wine was also known 
over 5,000 years ago, and vineyards were a feature of early agriculture. 

17. SHBLTM 

Sectlemeat implies bousing. Early Man was a cave dweller; bu refi^ 
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wa$ a lair or deo like tbote of tbe beasts. But it u ahvays a migaWy to 
aasume that cave dvrdling is tbe sign of the ahsolttte primitive. In hot 
countrics, and particularly in deserts, there » a great deal to be tatd fer 
living in caves - nocably {ut-dwellings, wbicfa can be compared to 
inverted tenements whh the apartmcna arrat^;ed round a natural weU. 
And in the New Testament, as in the Old, there is plenty ofcvidenceof 
dvilised living in eaves, like those that rcccntly jKlded the Dcad Sca 
sccoUs. 

As a cooditioo of Man acqutring mastery of his enviroeunent. how* 
ever, he had to have his shdter not ooly where be could find it but 
where he wanted it. In the days of die mammoths, tkdetons 
covered with skins gave our predecessors dx equivalent of a tent or an 
army huL Latcr tbey built hats of »plings and or raostructed rh«^ 

of tuif or of wattle. 

When tbe hundng group became the setded tribe, tben tbey needed 
sometbing more. For one thing, apart fiom thelter. tbey needed 
deCmoes, not only against die mataoding beasts, hut against the nomadic 
people fcscntfiil of the tiller and envious of his stored snpplies. For safety 
tbey tni^t build their vill^es oo piles in the lake or bog or surrounded 
by an exeavated moat or by a palisade. Like the Red or like tbe 

Dyaks of Bomeo at tbe present tinte, whole groups, even an entire 
vill^, would be content to live under one toed'in a longhouse. 

Tlw setded fiuni eis , aU (hose thousands of yean ago, had didérentiated 
from dte nomads, and had beoome their rivals. Not only had tbey 
setded on tbe arable land which had oncc been tbe dry^season, tiverstde 
pastures of the pastoral peoples, but tbey were more efiéctive animal- 
huibandmen. Tbey cotdd grow fbeage aops and feed dtetr fiocks and 
herds when die range lands, tbe steppe country, could not support them. 

Moreover, by systematic cultivation. tbey could prodocc surpluses 
and, beyood ehår own subsistence, sustain 'spedalistt* - die craftunen; 
the priests. and the administrators. 

City civilisations, at sucb a point of time (difléring in geogiaplucal 
areas) were about to emerge. 
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IS. FOOTNOTB FOB WOMIH 

Whienocieco2nestochiakoftE.}eispre(tyobvioui cliat Wonuo, not 
Man, vru ihe innovator who laid the fbundatioiu of out dviluacioD. 
Wbile the mea weot hunting, tbe wonun wu the guardian of dte fLce 
and, p r etty certainly, the &st nuker of pottery. It wu she who went 
pickbg the wild berriet and quo aod sce^ and who wcxu poldng with 
sdeks to uQcaith the edible tooo. In tbe motber-to^ughter tra^non, 
tbe knowledge of f^o bom of long observadon led dte womea to 
experuncnt in culttvadon. Biologically, woman wu more observant 
than man becatae the recutting phues of the mooo coincided with the 
rbytbm of ber fintile life and tbe could observe the period of gcttadon, 
Qoc ooly in becself but in the animab and in tbe teasonal reappearaxice of 
the plano. So she had a sense of Time, and the measuretnenc of Time 
vns ooe of dte earhot manifcMactoos of coostructtve and tystematic 
thinkiog. 

The andeoo werc lest rductant than menibU: ate coday to acknow^ 
ledge the råk of wocacn u tbe origbaton. Injudeo^^hristian tradition, 
Eve is reptoached fiar eadng tbe fruit of tbe Ttce of Knowledge wbkb 
led to tbe expttlsioa &om Paradiu. Greek and Roman mydiology were 
more geneious in cbeir acknowledgement of Athene Minerva u the 
Goddeas of Wtsdom and pacroness of tbe ato and crafb. In the sodetks 
which emerged in primitive times, womcn held a dominant poådon. 
Thete B evidence of tbe existeoce of matriarchiet in which the woman 
directcd the a&irs of tbe tribe, acted u prieatesses, and cnnsmitted tbe 
succession throt^h tbe fianale line. 
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The Watershed 

.. MouBtaim aucrpoe'd 
KUke OMnuei of lutku, wfae had dse; 
Like Idadred dtopi, beta i&i&^ed kuo otie.* 
The Tulr by wilLUM COWBU 


I. TBB BLACK POTTBRS 

One of the mose interesting pUccs m the world for die Kody of die 
elements of emerging todety il tbe Penun pUtcau. TIk cboke of ehat 
location also has die advantage that it evades the cooflicting of 
cadiofvaiiousareas tobave beai the 'ctadle ofdviUsadoa'-the Nile 
Valley, tbe Tigru>Euphiates Valley, the Indos Valley, or Turlceitan. 

At a time when the greater part of Europe was covetcd by gladen, 
the Penian plateau was already passbg through the pluvial period, 
when the region was a greac inland sea into which many rivers ran. 
Fossil hsh and diells which have been found in tbe high vaUeys show 
how deep and vast this sea was. Theo, becween 15.000 and 10,000 B.C. 
there was a gndual diange in ditnate leading to the dry pedod in which 
the plateau b^an to dry out untU, prograsivcly, it became a great salt 
descrt. 

At the tune when the droughts began, prehistodc Man was alreadjr 
Uving on die plateau, often tu the caves oc sode sbelten which had been 
the unde^round channels of aocieDt riven or iu pits dug ioto the 
moimtain-sides and rooféd witb branches. Even at dus cave-dwelliog 
stage poctery was in use. Ic was poorly baked aod deep blade in colour 
beause of ^e smoke in the firing. 

As the great central lake shrank, its shotes where the riven Icfi a 
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{crtile depont of sile became rich savanoah pastiires. Tbe animals 
docendgd to ebese oewly-fonned grassiaods and the huncen foBowed 
thom and scttled oo tbe plain. From this petiod. about 5,000 b.&, tbe 
record of nuterul dvilisatioo can be traced. 

Tbe oldest remaim of human settlement ia Persia have bceo uiv> 
earthed at Siyalk, ncar Kashan between Tebetao and Isfahan. At tbe 
boctom of dse diggings tbctc ts evidence of agricultural aedvitks, in- 
dudtog stock-breeding. Tbe temaiss of domesdeated oxen and sheep 
have been found. There. too, is tbe black, smoked pottery, dethred £ram 
tbe earber cave-dwellen, but mixed widi red pottery, already revealing 
primitive cra&smansbip in which dse designs, tncludmg eolouts, were 
baked into ebe ware. Altbougb, of couxse, tbe remains of pertsbable 
materials like reeds have disappeared. tbe designs on the pottery sbow 
the unqucstiooable evidence of basket work. Clay spmdles also pvc 
ptoo6 that the rudiments of a texdle industry vrås already tbere. Botb 
men and women wote omameots > necklaces of shells, carved rings and 
bracelets - and tbey used cotmedes. They probably praedsed tattooiog 
and lace paindng. They had begun to beliew m a Hercafter. Tbeir dead 
were buned undee the fioors of dse hooses, wich tbeir weapons, and 
remaiaed a pan of the &mily. 

Tbere is evidence eveo at this period • 7,000 years ago *• dut tnde had 
already started. The setded economy was produesng soipluses. Tbe 
settlets were nialcing metal implements, but by hammering, not by 
wMk ing, oopper; tbey were &rming crops and tbey were stock-breed- 
ing; tbey had conunoditks to cxchange. Tbat dtey did so is apparent 
in the shdls wom by die pcople of Siyalk which belonged to qiecies to 
be found only on the Persian Gtxif, 600 miles away. 

Aboot 4,000 8.C., on top oftbe accumuladoos of die fltst settlements 
of plateau men, more elabocate bouses began to appear. They were 
la^er and built oat of brick. Tbose bcicks were just mud, shaped 
between tbe palms of the band like eakes, with thumb-holes to provide 
tbe momr joints. The builders eveo went in (br intetior decoradoo. 
Tbe walb of die rooms were painted red, widt a mixture of iron-oxide 
and a fruit juice. Tbe pottery was becoming more tefined. They sdU 
did not have the potter's wheel but they had the (owmetfe, a dab of wood 
tumedon tbe Aoot by an assistant. Tbe pots wetebetter Bred andsbowed 
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pictures of aaiøub in full movement. md nost realisdc, fx-mwfd m 
blade paint oa a dark red ground. Nowduxe dse in tbe world has 
pottery been discovered corresponding to tfae «am<> period of h tny. This 
saggests very scrongly that du Penian plateau inay have the 
original home of pai n t e d poetery. Even more signtficant is tbe &a 
coiuemporary with a realism of design by vdiidi it is posible to idoitify 



Poctcr’s whed fronjeckho 


a horse in the process of evolutioo bet w een die onager and the modem 
horse, these potters were already indulging in hi^dy styhsed abstnet 
designs. In the 6m stage of scylisadoo, the horns of tbe ibex became 
exaggeraced in propoction to the body and finally up as a motif 

without any body. The plastic artitt, the potter, was begioning to 
produce the elements of pictographic writii^. 

The metal industry was derdoping, but now with tbe copper smelted 
and cast. Jeweltery was becoming more varied. In addirion to fbreiga 
sheOs, there were appearing lapis lazuti brought &om the Pamin and 
jade &om Chma fiu beyossd. 

Consisteot with this import-ezpott eommerce are die seals which 
were found at SiyaQc. To mark die ownership of merdundise, tbe seal 
was brought into use. It was a cooical stone buttoo into which s geo- 
metrical deågn was cut. This was impressed apon the lump of day 
which stopped tbe mouths ofjars, vduch were the packing cases of the 
time. The geometxic pattenu gradually gave way to rcprescntatioiu of 
human b rings plants atid symbok which had tbe pdct^raphic signifi> 
cance of pictures. 
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3 . OASES CITIBS 

Tilis sodal developmcot, 6^000 yean ago. in Penia, was stUl oo « 
small awi localised because tbe oases wen dispersed over difficult 
country and, tbereTore. tbe great dty-commanicy life wbich was 
devdopiag in tbe ricb plains ^ adjoinmg Mesopotamu was retaided 
oo the plateau. 

Tbe ^i gpn g« at SiyaDc sbow a diick layer of ash. eridence that tbe 
was destroyed by fire aboot 5.000 yean ago. The ruins served 
as a fisundadon fer a new sectlemcnt tn which the {»ainted pottery had 
disappeared and ptain red or gtey pottery had taken its placc. The stamp 
Seal had disappeared and had been socceeded by the cylinder seaL On 
dus the symbols wcte carved oo a roller - a certain sign of the intro« 
of wtidng on clay tablets. The subsequent setdemesus showed 
a dvibsatton whi^ was supetior. richer and more advanced but witfa 
all tbe ligns of having been imposed by conquest. The influences were 
unmistakably Mesopotasntan. of a Idnd which had already beeo develop* 
ing at Susa, wbete Persian culture impinged on chat of tbe Mesopo- 
Tamiin pUtns. At Susa chere had already been the beginnings of a script 
and tbe fest burgeonings of that culture which was to become dytustic 

P-lam. 
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Daring the second millgnnium 8 .C., the Persian plateau, tbat water> 
shed beeween the Occident and tbe Orient, wienessed a series of 
migrations of great moment in the hismry of mankmd. 

From somewhere in the region of the Caucasus there was an out- 
surge of peo^ who have emne to be called ‘IndcHEuropeaiu’. One 
wave swepe westwards around the Black Sea, into the Balkans, through 
Thtace and back across tbe Bosphorus into AsiaMinor. A second wave 
moved easewards around die Caspian and aablished suzerainty over 
nottbem Mesopoumia and tbe valleys of the Zagrod Mountains. 

Another branch of those watrior horsemen moved easewards, crossed 
the Oxus and die Bactrian PUin. scaled die passes of the Hindu Kush, 
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crossed the Khyber Pass and entcred India. Pctliaps tbcre wat a te^gc 
of thu ea*cern migration mto Pasia abo« the middle of the 
millennium, but it would seem more likdy that there was a jf fon d 
massive migration of dtc Indo-Europeans about i,ioo B,c., which 
escabtisbed die Iranians on the plateau. 

Pccsia is noe watered by great rivets Hke the Nile, the Tigris and du 
Buphrates which by theit yearly fioods bring férdlity to a country. It 
‘e^m’ nearly three^uartea of its total rainfdl in the form of rivca 
which flow out of Penia into odier coumries. The only sobuantial river 

which flows into the country b the Helmand which bas ha source in 
Afghanistan. 

By an ixony of nature, the modem wealth of Persb, io oil, was a 
condidon of its andent poverty. In Palacozoic ri »»es (say ]00,ooo^ooo 
years ago) seas which t^ coveted the Middle Bast tcemed with cfae 
organk Ufe which became die oil deponts of Periia, the Gulf and 
Arabta.Then, in tbecon7o]sionsoftune,adeposit of day was laid over 
the region and acted as the lid which pr e v entcd the evaporation of oil 
which happened elsewbete. Then canie the upheaval which, at the end 
of the Pliocene Age <5oo,ooo years ago, wrinkled the caith’t crust and 
fbrmed the mountains and the plateau. Thoae, as bas been mentionfd, 
were largdy subme^ed under asccondiea in die PluvulPeriod.Wheo 
that >ea *dried out’ st le6 its salts to pobon most of the central plateau. 
Becaaseoftbeclayunder4ay, suditainasfidiandsuchttieamsasflowed 
into dus dcsert could not seep down to form underground girin g « , b« 
merely evaporated and left tbeir own deposus of sdt - that sak which 
one sees glistening like die crystab of an Arctic snowfleld. fi« diat day 
and salt kepc die oil flom evaporadng. 

The result was country wfaere rural communides were scattcted 
mainly axound the alluvial rim of the desert. The people were thus 
separated and dwpopuladonwasfarlessdensetbanmEgypcorMesopo* 
tamia. Thb u the leason why Iran contaioed. and s&U crMUm«, so many 
nomadic, and sedentary tribes udiidi preserve cheir paiticularism, tbeii 
own dialects, manners and customs. 
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4. TBI riKST BUPIBES 

The fitst politiial orgaaisaooD of aay coherence on the plateau wai 
that of ihc Mtdo who. wiih the Penian*. had derived from thoie Indo- 

EufO{«ani speakfflg du Aryan language whkh in India waa to Ixcoi^ 

7SO ».C. tbae emerged (acoording to Herodotai) a Med« 

nimed DeUxes. . , 

‘As the Medes at dut tiinc dwcit in scattered viUaget vnthout «iy 
central aathority and Uwlessness in cooscqocnce prev^ throu^vu 
the land, Deioces, who was alieady a man of mark in his own viUage, 
applied himself with teal and eamestnas to the praedee of justice among 
his laiowi,’ wrote Herodotus. 

He beeame king and his wcccssots. though temporanly overcome by 
thf ferged a unitv which was to overthrow the Assyrians. and 

„uke Lm masten of du entite Middle EasL Under Cy^ 

the Medes and Pemam we« to extend an empire which was a symhew 

of the andent civilisations inciuding Mesopotamia, S^^gypt. 
Miaot du Gfcek citio and islami, and part of India. This was du 

empire which. in wni, Alexander du Grcat was to cooqu^^ 

n«|lhtrenumber.wasprohahlythewis«tofaUempef<^Hercspcc^ 

du values of dvilisations finer than his own and Icft them, m tbt 
United Nations of a.(Soo ycan ago. to develop their own ways of Ixfe 
and to foUow thdr own réligjous bclicft. 

The Penians called him ‘&thcr’. The Grecks caUed him law-giver 
and dujcws called him 'the annointed of the Lord*. 

The Achaemenian Empire, the Persian civilisatjcm, was at irs peak 
dtniag du teign of Darius (5E»-4W E.C.). To nuintain liaison lutweæ 
the different centres of the Empi«. Darius eteated a network of 
endorindy biak and elaborately policed. One. die Royal Road from 

Susa, his Capital, to Ephesus in Asia Minor, was ncady 1.000 nules long. 

with III post-stationi. each with relays of 6esh horses for the royal 

couticts. who eofdd cover du distance in aweck. Anotbcrtoad,!inkmg 

Babylon with Egypl, was extended inio India. Tbese great arterial 
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syfteou opened up tke ende coates between cke Oeddent and tfae 
Onenc. Ac tbejuDctkm of the Kaboland the Indus riTen, I>arias built 
a fleet ladiich under the Gtecki Scyluc of CaryaDda, was g imrp tbe ef 
sailing dorm the Indus and surreying the sea-route to fgype. The fleet 
took thizcy moudu to (ulfil ics mission and the culamation t^this navil 

enterpiise was the budding of a canal between the Red Sea and the Nilc 

This, 2,500 yean ago, was the Ibceninoer of die Suez r.aw«l 

‘The lengdi of it ts fear days’ joamey,’ wrote Heiodotus. ‘and the 
width such as to admit two tricemes betng rowed along U abreast' 

Id jai B.C. Darios began the glorificadon of his Capital ac Sasa and the 
budding of Pecsepolis, wdiich was said to sar{w in grandeur the mag - 
nificence of Babylon and wbich was to be destroyed by fire, by 
or design, during Alexander the Great’t conqoest of Petria. Darius lus 
left his own account of the budding of his palace and of the men and 
resources, &om all over the chen known world, which went into its 
construedon. The Babylonians provided the backlayen with dietr sldd 
ac making son-dtied brick; the Assyrians contrihured the cedars of 
Lebanoo; sdvec and ebony weee brou^c feom Egypt; the stonc-cutten 
who wroughe the scone were Greeks and the goldsmidu were Medes 
and Egypdans. 

Weights and measures and the system of coin^ were introdueed 
theoughout the Empire. In Mesopotamia Kanktwg had been known as 
farly as the xnillennium B.C., bat the Petsian Empire 

private banks were estabUshed, ootably that of‘Egjbi ofBabylon’, who 
has been idendfied widi a Jew, Jacob. This bank fioated loans; its Capital 
was invesced in house property, fitrms, slaves, catde and boats. Current 
accounts were operated and cheques were in use. Indeed, die word 
‘cheque’ is of Peisian origio. The banken financed the di gging ofcanals 
and sold the wacer to the larmers. 

From thu dme data the invendon of tho« fer beatts of barden, and 
ships of 500 tons were being constnicted. The Empire was sclf«i£Bcieot 
in metals; Cyprus produced sihrer, copper and iroo. The Kctman region 
of Persia yielded gold and silver and Sriitan, on the bordcis of Afgha¬ 
nistan, supplied dn. Iron came feom the Leban on. the Caucasus and the 
Southern sfaora the Blad: Sea. 
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5. KINC SOLOMON’s MIHBS 

Darius used coppcr fiom 'King Solomon’s Mines’, in Ae mounuins 
Bear thc Gdf of Aqaba. Tliese mino had bcen worked sinee 1,000 B.C. 

and ncarly 3,000 ycan Uret they are bdng opetatcd again by the modem 

Israel«, One of the most remarkable si^ts in the southem Negev are 
the dag beaps ofthese ancient times- Ae great expames of black amts 
from Ae coppcr smelting. The npelten ingeniously exploited nature; 
Aey eboK narrow vallcys hemmed in by precipiccs op whi A iwept Ac 

pierailing wind; Acy used Aese natural draugte as Ae bellows for Aeir 

«m>^1dn£ fiicnaces. 

Under Darios, pabEc woiks were undemken to inerease ptoduoive 
Irr^adon systems were excended and manbes wete drained. 
WiA an enligbtenment rardy known beforc and largely fr>rgottcn 
afierwards, Darius eaeour^ed Ae cultivadon of ttees. AlAough Ae 
prindples of modem fbrestry were Aen unknown. Aere was 
apparently selcctkve cutdng of timben and not merely Ae ravaging of 
Ae forestå. Therc is actual evidence of Darius’s interest m arboricultute 

and in Ae propagarion of new spedes. In alener to o« of his govemon 

be oden him to transplant eastcm plants and trees to Asia Minor and 
Syiia, and gives instructions for Ac transfor of fiuii ttees from Ae 
•forAer part of Asia’. Ptobably at Ais stage (wiA the opening up of Ac 
tråde rootes) Petsia began to develop the fomous medicinal gardeia 
whkh collcd from Ae Orient and Ae Occident plants of pbarmaccutical 
valtse, and, inridentally, gave us Ae word ‘drug’, dcrived from Ae 
Penian ’^egue', whieh means Ae demons of disease and also Ae 
mrdirincf vAiA appease those demoos. 

6 . BOCKUABCS or BBOCBBSS 

As yoo fly by modem airetaft across Penia to Teheran, yoo get a 
startltng tmpressioo Aat Ae eountrynde bas been beavily bombed. For 
of square miles Ae pock-marb of ciaters pit Ae landscape 
wiA an extravaganee whiA eould ooly be seas on Ae bombed battle- 
fidds of World War IL The etaters are m regular lines luggesdng the 
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renilts of'sdcks’ of botnbs, excepc dut ous-cro« atul 
This strange landscape, bowever, is so modem fn«t>jf«^ tyti on , They 
provide evidence of a piacticc whkh sotne Pentan amhoritics 
goes bade 5,000 yean. 

This is tbc ^aat system, an ingeoious if laborions mcdwd of exploit- 
isgwater. The fsnaats might bedescribedashorizoataIwalls.Theyare 
undexground rhannrls witb vettical shafis - cratcn whkh look so 

peculiac from the air. The sbafis are at intervals of about fi6y yards and, 
in construcdon of the ^aiuats, ace used to remove the Waste excavated 
by the minen, but thcy were al» ventilating to eoable chc minen 
tobreatfae. Tbeyauibeased.ofcourse,as vcmcal wells to take waicr 
&om the horuontal welL Tbese subterranean <-anal« aie devkes for 
bdnging water &om the ^nng sourccs in the mountaiss down to the 
waterless plains. Thcy can be of ceosidetdile Icngtfa. The loogcst knows 
is Yezd and stretcbes underground for thirty Venkally tbc 
deepest, at Gunabad in eastem Pcnia, is x.ooo feet. The avenge depth is 
about sixty fint. Tbere aie supposed to be about 50,000 pmaets in Persia 
wich a capadcy Tarying from half a cuhic foot to feve cul^ feet a second. 
These qauats bring the water from the well strata in the moustains to 
the plains where they etneige as opea »-hanni*!« whkh coday are 
jubes, wide gutters which supply the iårmers, the viBagcs and the towm, 
including Teheran, tbe Capital. The system of land and water rights is 
Tcry complkated but in princip is a kind of joint cntezprise becween 
cwo sets of landlotds - tbe ownen of die high , but poor, land whkh 
coQtains the water, and die ownen of die good knd whkh nceds the 
water. They usually take the precaudon of marrying into each otbet’s 
familw 

In the dme of the Achaemcnian kiogs, notably Darios, the 
system was cncouraged and exteided as a farm of puUk Utility. Tbe 
feuot would seem to have been an original Persian mvetmon. The seed 
for some such device is obvious wben wc dunk back to die earlkst 
settkss fitst culrivacing the alluvial lands tound the desett rim, with the 
day pan undemeath preveming tbe mountain waten from crcatii^ 
natural springs in the plain. They were also wise etioogh, tbose primithrc 
bydrologists, to recognise the loss of water by evaporation and of the 
need for keeping it, on tap as it were, ondetground. 
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Wherever che Pecsuns weot u tbor Empiic extenidcd, chey insoduced 

die yMifff Tbcy »re to be found in Biluehittan. in Nonh India, m 
A^haaittan, in Syria, in Cypru*. in thc Nc^ and in Egypt. Tbe 
figgar* prindplc in Tunisia and A^cria is simiUr Iwt may bave had an 
ind^eiidcnt ori^n. 

A &actire of tbe nuning of cfaese qmwtu is the prescnt-day usc of a 
eompasj wlucb gives thefajliw- thc leadii^ minct- his diiection undet^ 
ground. This primitive compass is ptodueed by rubbing an iron needle 
with a loadsKMie and supporting it oo a pivot on somcthing which would 
Aoat so that the magnette point wiH tum notdi. TWs raises die long- 
dcbaied qucsoon oftbcplaecofori^ of thc compao. Th^es, ^ Gredc 
(about 600 ».c.), knew that iron ores, such as vrere foond in Asia Minor, 
ncar M^esia (bene* 'magnetic') eoidd attraet pardcles of iron. There 
u linie doubt, however, that in very anderu dmes, the C h i n cs e had 
devdoped the pivoted magnet. ‘Ibc discovery would appear to have 
been made as a r«ult of‘geomandc diviturion. the practise of throwing 
objects on a board and foteteUing the fatuce from the way they lay. 
The use of the compa« in the ^enaar is so impomnt to die miner in 

giviiighimhisbearingstindefgroimd.onaf!XcdpointmthehiIls, dut 
ooc wooders whetber thc fir« and the fint compasses did not go 

togetbet, both very old indeed. Of coune. the loadstonc may 

have come inio Petsia from Ch i n a. 

Anothet important fiatuic of die Petsian water ceooomy is wbat we 

still call die *Pcman wheel’. Tilis is the wheel with the eontinuous Chain 

of buekets which is still widdy used in water-lifiit^ for irrigatioa. It is 
held to bc likely that this method was inuoduced during the Acbae- 
menian Km pire. 

The riches of the Petsian Empire, dexived from its tributary peoples 
and from its ctaftsmen of so many difiérent odiuies, were ptodig^ous. 
Alexander the Grcat it said to have employed ao,ooo mules and 5,000 
to transport the treasures of Persepolis beforc it was destroyed 
and with its destmetioa depaited the greatneas that was Persia. 

Penia and i« plateau have bee« deEbcrately chosen for this opening 
study of die andent civilisations because as a counrey it b a watcished 
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of tbe Eutem and Western culeum, religions and knowlcdge. And tts 
ilevelopment &om tbe hunting group te Empire was cbaracteristte of 
tbe ocher dvUmåoni with whicb it was contempocaiy. of these 
othet cultures, bowerer, has examples and e:^oieaKe of televance te 
tbe problems of ouz modem rinr Yff , 


7. BBFOKl TBI FLOOD 

Loeg before Abraham left Ur to become tbe Biblical paniareb ofa 
pastoral peopie, chere existed tn Sumeria a culture with debcately 
painted poctery. Ic had settled and developed on the rich alluvial stit 
brought down by the Euphrates. 

Most authoribes would now agree diat the story of the Flood ^ 
Gntestr) was based oa a Sumetian legcnd of whieh die oldest wiitten 
versions date from at Icast a,ooo B.C. The reabty of die Hood was 
escablisbed in 1929 by Sir Leonard WooUey. He was excavadng tbe 
graves of the kings at Ur and he was tadsfied tbat the dvilisadoo it 
represented was so £tr advanced diat it most have had a loog past behind 
it. He sank his shafo through ooe layer of archaeological débcis aftet 
anodier undl he reaebed dean day, uniform throughout and with a 
consistenc texture whieh showed that tt bad been laid there by water. 
His eicpert diggers inststed duc diis was the boctom of everydi^ - tbe 
river silt on whieh the original settlement had been fbunded. But 
WooUey made an important observation. He notked diat the level of 
the cUy was teo high above the original maxsh. So he set them digging 
again and tbey cut dirough dght feet of clay. te find themselves in a 
civilisatioo older dun tbe ooe tbey bad been tnvestigtting. This was 
Ur, of an older epoch, whieh had been drowned in the Flood, whkfa 
had been overwheliDed by the waters as suddenly and as complccely as 
Herculaneum had been engulfixl by the voleanic eruptioa of Vesuvius. 
The Hood must have been a mighey oae smee it was capable ofdeposit- 
ing eigbt fået of clay - and die proof was in the cky itself whieh was not 
stneified as tt would have been if h had been the gdiment of a suc- 
cesrioQ offloods. Tbe date of the Flood could not have been latei dun 
2,700 B.C. 
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A* we have ««. ia dcaiiag with Persa, painted pottery was »iready 
appeumg there about 4.000 B.C Whetfaer che culture at Ur in tfae pUins 
had been by tbe people of tbe plateau is a matter of quesQoo. 

But ic is apparent dut in die cultore which developed on the day, 
borying the original Ur, difiécent influences were at work. In ihc Bible 
it sayt, ‘And it camc to pass ihat as they joumeyed from the Bas* they 
caxne upon a plain the land of Shinar. and they dwelt there.’ (Sbinar 
was the name for Babyknia.) This would be consistent with a move- 
ment from India of an advanced people who brought with them know- 
ledge of agriculture, metal woridng, die potter's wheel and a script. 

Tids deduetkin does not simplify, hot ooly complicates, die problem 
of whete dty cultures fim devebped. It is commoo ground 6at dwy 
grew up in the valleys of the Nile, the Tigris and Eophiates, thelndus, 
the Oxus, tbe Yangtse and the Yellow River. But wheshet they 
developed independaidy in each teg^ or whether by diffuåon - by. 
tbe migrarion of people and knowledge - is a quettion which cannoc be 
answeiod with accuracy or even with approxinution. (When we con- 
tider the technological changes wrougbt in Japan in one century of 
contaa with the induscrial world, we can see bow quickly knowled^ 
can be adopted and adapted.) 

It would appear. bowever, that wfaile pce^lyBastic Egyptians were 
tdll working with flints, the Sumerians, in Mesopotamia, had already 
advanced to the use of fine metah and delicate art work which oome 
fiom loog-establisKed crafr traditions. 

S. TBS SATTBKN OS CITY CVITCSB 

The pattem of tbe åcy culture can be frirly logically determined. In 
the evolution of sockey the hunting gioup became the settled cultivator. 
The crops sown (o fi^ed Man and his domestteated beasu provided a 
tegolar food supply* In Mesopotamia, according to Heiodocus, tbe 
sown wheat yiel^ two-hundtedfeld to the sower, who could gec two 
harvests a year from his grain fidds as well as good foddex £br his sheep. 
The cultivated tands aloi^ the rivers, with rich silt soils and conscant 
p rodoced not only subsistence fiir tbe rillen but a surplus. This 
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surplus beoune d>e basic commoditr of tnde. Hie dOer could use it to 

»ccure his spedål needs - bettcr tooh thia be could malte himsclf, bctter 

pots. better &bcics and luxuries wbicb graduaUy bceame 

These were custom-made by tpedalists - craft-wodem - and they in 
tiuo produced their surploses. could trade their nunu&autes not 

only witbin ihe commumty but with oeber »nunamties. The cxchange 

of goods obviously induded tbe exdui^ of ideas wbicb tbe crafbmen 
in the vartous communittes would adapt for tbe improvement of their 
own sidlls. It was an acederaring process. 

Tbe Con wbicb beset primitiTe peoples - tbe cave-inen coweting 
&om the lig ht ni n g - b ec a me tbe more sopbisdcated superstitions of 
fears. discussed and tbared, witbin tlw setded commonity. Tbere wete 
foocttotial superstitioas at weU. Tise tiller bad bis own observations of 
the rfaycbm of nature, ofgerminationaad of tbe teasons. but tbere wete 
natural drcumstances wbicb were outside his conirol and he 
tneatu of measurement aitd of prediedon. The of evoits 

with the appearance of idendfiable Stan in tbe beavens, or tbe phascs of 

tbe moon, or the bebaviour of tbe sun. created a basis fer an almanafi- 
Peasant ktce, while shtewd, is not always accurate or But at 

communides developed, obsetvatioa and interpretadoo of events 
became a spectalised ftmedoa. 

AstroDOmy was ooe of tbe eatliest of tbe sdeaces. It was dse recog- 
nitioa and codificadon of die unifbrmides in nature. Tbe peasant, as be 
stands ae die door of his but, sees tbe tun rising in di fieren t positions at 
dificcenc times of tbe year, but always oo tbe ooe botuon. He sees it set, 
but always on the opposite borizon. and lo be tecognises the easteta 
rising and the western setting. Given aoy £xed point of reference - a 
pillar of rock, a ttee or a pole - be notices tbe sbadows sritich move 
round it, longer in tbe monung and the evening, shortest when tbe tun 
is higbest in tbe beavens at noon. He acquires a sense of dme-keeping 
because tbe shortest diadow conveniendy divides his worbing day into 
tnoming and aftemoon, wbik tbe beat of the noonday sun emphasises 
the division. 

In tbe wide open tpaces, befbre streets and alleys narrowed tbe visioQ 
of tbe sky, tbe pageantry of the start foUound a cendstent pattem in 
wbicb tbe star clusters, tbe conitrilationt, to wbicb people gave 
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symU^ turnes, would dunge dtetr poåtiion as the ni^ progressed, 
jnst as tbe aolitary atm did ia the coone of che day. In the northern Itemi* 
spbere they would aodce that one star. tbe Polc-star, would always be 
acen above the same point on tbe horizon. in tfac same place at sunset and 
at They would notice that, as tbe night paased, the otber stars 

revolvedabout and above tbe PoJe-star trom cast to wcst, and tbe signal 



Prinuthre gttoinoo used by Booko tribes* 
Bsen » deOKmine ibe tké^>lanting leason 


oTmidtught would be wbcn a cbster, rising at sunset oo the eastem 
hocixon and setting at sunnse on the western horizon, was dircctly above 
the Polo-sar. So, to tbe 'sbadow dock’ of the day-tiine, diey could 
add che 'star dock’ of the ni^e. The regularising of dus titne-keeptng. 
in terms of tbe day, tbe tnonds and tbe ycar, becamc a quesdon of 
recording. 
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9. TBB MASINC OV TBB PIIBSTBOOD 

In tbe coune of dme, tlie record-keepert. who acquired the abUicy 
to predict, becBxne pcieso. Utey had an insght whkh gave a fore* 
fight - a coUe e tion of sdea ti fi c &ctf whkh the working communicy, 
preoceupied with tbeir own laboun, wotild not To ennire the 

conDnmty of cbe records, diere had co be tome sort of oifft»n i/N n ; and 
so the dements o£ priesdtood devdoped - a group of people set aåde, 
generadon after generation, widi spedal ptivUeges to enture 
leisure of thought, maintained by die products of the rest of the group. 

Complete records exten di n g over 360 years wete difcovered at Ur. 
Thete s^w the building up of iafbrmation which was the bads of an 
advanced astronomy 5,000 yean ago - or about the when Bishop 
Usber would have us beheve the earth vrås created. They show that the 
Chaldean astronomen, without die help of' predstoo mstruments now 
at our disposal, had worked out the length of the year as 365 days, 6 hours, 
15 minutes and ax seconds - only 26 nunotes and 26 secoods too long. 
That was valoable funetional knotdedge whidi could be sodaUy useful, 
but they had also discovered the cycle which they called cbe Stvos. This 
was the recurrence of the eclipse of the sun. They had discovered &om 
the tecorded observations of generations of priests diac there were 
inctdencs tn time when the earth, die moon aod the sun wete in line, and 
that predsdy 18 yean and it| days laeer they would, to the observer in 
the same poticion. be in line again. So the Chaldeans could predict to 
the year, the day and die bour die moment when die tun would be 
ecbpsed. This was an important icicntifir &ct, but it did not tell people 
when to artange their meal-dma or to sow tbeir aopt, or to prepare 
for die lambing. It did, however, witb many otber astronomical dt*bits, 
give the astronomer-ptieso a powet over their fellow-ctucns. One can 
imagine die conscematioa of the people of Ur when, oa the day and at 
the boor and the instant which the priest had ptedicted, he was able to 
blot out the sun. 
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10. PKOM MBASVBBMBKT TO MTSTICISM 

Frois the &aual origins o£ astronomy catne the mystical lore of 
astioktgy. The pnests crcated the godis witk whom only they wete on 
speaJdng tenm. From bdng merely the ledgeT*clerk of evena, obligmgly 
supported by the bboun of the manual wodccts, tbcy bccame a power 
in ctcy^ 40 CietKS whkh were growing op. It suited chem to encoitragc 
the belief dut nature could be boughe oÉ* with bdbes, provided dut 
they were tbe intermedtaries. 

(Somewhme about dus time, in ^yp< the ptiesdy ledger<]erks 
developed tbe ‘Nilomecer’. The whole Ufé of the settlers in the Nile 



* iv. 


rvymHMtif KictioB duou^ a ttU u Brccfa, McaopoOtnia. Tlie lowot 
ImIXii tfaeiupposed fouodatiociofdwfint templelKult oo dus site. 
Icvdi D aod E indiate foundadoDi of two later tenpks. C diows a k 31 
more recent tetnpk ])htibnxi. At B tre the ndu of tbe 'Whicc Temple' 
aod iti walls. Latcr nOl tbeee were eacased in tfae bciclcwoik A 

VaBey depended oo the rise and 6 J 1 of the river. By making an under- 
grouod channel from the river, the priesa could keep accurate recordb 
from their water-gauges which, over a period of ycan. gave tbem the 
» nnn « of predioing not only seasonal but cyclical changea. This apparenc 
utscanny power wu the basia frw eocouraging supersddon, which 
became religion.) 

As the priesa’ power iacreaied, so did the {dtyaical manifestatiooa of 
theiz authocity. The firat, and most aubatandal, stroaure in the scttl> 
ments that grew into odes waa the sfaime. For measurement one always 
needed a frsæd point The shrine, once cstabliahed, provided dut 
obaervadonal hase. Aa the odes grew, the shnneswere reconatnictedona 
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sole oferer-increuixig gnndeut but alwtys ob cbe haUowed site. 
So che fbuiuUdons cf die superimposed temples ereatually fonff’n T rftt 
a mound. or ulL Sueb iuUvt Erech io Lower Mesopocamia (Sutneria) 
has rmaled a succession of (empies, each kult on top of the other. 

Attached to sodi temples wcre gtasaries and storehooaes which held 
the free-wiO offerings of the culdvators, and tbeie wcre abo the libnries, 
to whidi the culdvaton oettainly would have no access and which coo> 

tatned die cemplo-rcoords which gave die phests dieir vested aucbority. 
le is evident &om tbese records that die Sumeriaa &rmers fiimly 
bebeved that they were the servano of the wbo bad cieated and 
owned the soil they dll ed . To boy the &Tour of tbese ehey paid 

tribute &om die ptodoce of their labottr. Thcse revenues-tn-kind were 
used not only to feast the inviiible gods (wbo had appaicndy a great 
appcnte for beer) but to st^port the ever-growing priesthood and the 
anny ^ spedalised ardtans who providedthe equipment of the templc. 

A part of che revesiue^n 4 diid was always appocdosied for export - 
commodities of trade which brought bade to the templc fbreiga 
delicades for the enjoyment of the priests, and precious stooes and 
ornaments for the adomment of the templc. In diis way the temples of 
each Sumerian dty breame r^osttories and trading centres dir the 
mereasing surplus produced by die eiry lands, wbich were really temple 
estates, since the soveceigaty of die gods was adtnowledged by the 
culdvatocs. Sobject to the gods, the Sumerian land was communally 
owned and parcdled out among che godt* pcople, to be wotked as 
indtvidual £ums. But it is obvious in the carliest dedpherable records 
that the highgr temple oHidab owned, and coold paai 00 to efaeit bdrs, 
mudi larget plots of the temple land tban their lay brethren. 

From ^ gtowth of tbe successive temples (as revealed by archaeo* 
logical excavacioD) it is possible to measure die growtb and the weakh 
of the sectied population. The Mesopocamian village by 3,000 had 
grovm in to a dty avecaging S,000 to u,000 inhalntaais. Most of die 
ddzens were sdtl aedvdy engaged m fmniog, stock-breeding or fishiog. 
Tliey were supporting an urban populatiou which alteady iitcluded a 
superstnicture of priests, administrators, derks, and spcdalist aafb- 
men. The revenues of die temples had already reached the point where 
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but socae coasiicetic mnns ofrecordix^ - å d{>her - which the mcmbcn 
of cfae tenq)le corpondoa couid understaad. The»e symbol* of recdpts 
and ex^eoditure bccame dw ori^ of wricing. and wridng »ome 
autborides nught regard as thc tranddoo from baibarism to dvilisadon. 

II. PKOM PBIBST-KING TO WARR10B>X1NC 

Widi the growth of tlu priesdy hicrardiy. die emergence of tfae 
priest*kiixg was inevitable. ELther by his learning or by his acquisidoo of 
inhented temple lands an individual was bound, at sonu stage, to 
exerdu autbority om his féOows. He would reinforce dut audiority 
by ideadfying bimsdf witb a god and become tbe Itving embodiment 
ofa ddty to whkh tbe ddzeos alrcady acknowledged all^iance. 

And as du ddes grew and thdr cxtemal trade iT»<T fatfd. die hostiltcy 
whidi a nonudic poofde fdt towards the oliers nmed to envy and a 
predatory o^e. The dttes, and the acæsåbk wealth whicb they repre- 
senied. werelikdy to be raided by marauders and had to have die meatts 
to deiend themselves. So, in addidon to city walls, they bad to hav« 
soldiers to guard tbem. Soldiets nced officers; officen bccomr generals; 
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generaU beeome ntkn; *d ef eo ce * becoma *aggte»oa’ uid any ptetext 
ts sufficient for aggraadisement by conqucst 

There was, however, anothet encoucagcmeot towards wars of 
quest: tbe need for slaves. Use peasant and che soil were now supponing 
a social superstructure as massive at the ziggurtds vHucb had been 
over dse firsc modest shrines - the erafomen, the priesthood, che tax- 
gatbcrers, che dynascic houteholds, die cradesmea, the mooey-dtai^ets 
and die toldkrs. 

The produce of the soil had to be uioeased to satisfy the Momaght and 
die avacice of tboae who no longer worfced the land. The willing dthe- 
payer of the primitive temple, p^ying his dues for the land the gods had 
made and che crops they bad given him, had now become die serf of a 
feudal system; but che pcisoner-of-war could, in tum, become his 
slave. 

Slaves were needed for the buildii^ of die ctties. They were the bcick' 
snakers and, uoder the direcdon of the craftimeti*«rchiteco, they were 
thebuildets ofstroctureslilce the xiggwrtf ae Ur whidi over tbe original 
shrine-site beome a vast stroctuie of staged towcis whkh measured 
234 fect by l85i feet at its base and was 84} feet hi^ (Soch ziggurats 
were the ‘High Altars’-man-made mountains in the alltmal plain$.The 
Tower ofBabd was ooe, and it is dear fiom the Bible tfaar prisomers-of- 
wac of so many narionalidcs were uted in its constnictio& that there was 
a ‘oonfusion of tongues’.) Slave labour was necded for die buildii^ of 
the city walls to pcocea the .city and its wealdi; tbe one at Nineveh is 
TOfeetthick. 

Among the public works for wbich slaves were most necded was tbe 
consttuction of waeer dianaels. Once, however, irrigadoo systems were 
constructed tben, as now, competidoa for water tights led to violent 
conAicts. (We have only to remind ourselves dut the word 'rivalry' 
cotnes from the Latin rivnt - meaning ‘a stream’ - to realise dut the 
scruggle for water has always been a cause of féuding.) It caUed for an 
ovetbrd who woutd not only make himself respoosible fer the boild> 
isg of «na1« to supply a wide area but would ptovide the labour force 
to mainMin th cwi, tbe Uws tD f^ulite thcm and tbe sddien to protect 
them. Some of tbe eadiest wars between die ddes ofMesopotamia arote 
Aom the quatrels over compecing canal systems. The systemade ruin of 
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aa inigadoB syitem was ooe of tbe metho^ of punuhing a defeated 
enemy. 

When Seanackerib of Assyria veated his wndt oo Babyloo, he poUed 
dom die temples and palaces and deiiberately choked the c a na ls with 
the dfbris. 

Thffi he boasted, Thiough tbe midst of that dcy I dug caoals; I 



Mtp ot fiddi and caaal) neat Nippai (ijoo ax^ 


flooded the ate with water... so that in days to come tbe place of that 
dty, itt tcm^es aad gods ihall not be rcnembered. I coinpleteiy blotted 
it out with 8ood water.’ 

Hb soo, Esaihaddon (dSi-ddp B.C) repalred the damagc. *I mobiHsed 
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all d)e arduns of Babylonia, and chey cut down thc reeds and the axie- 
brakes which thioved mighdly in che midsc of che dtf. Hk waten of 
thc Euphrates I dammed. I shut thcm off fiom d)c midff of the dty and, 
into tbeir ibcmer chann^ I directed them.’ 

la. inmcATioN-THB vibst ruBuc otility 

Ld^ before that > 1,000 yean, in &ct - Hammurabt had Iq 

bis code of laws ordinances on irrigadon, such as ’lf a man opcned his 
canal Ux irr^anon and neglected it aod the waten spcd a ndghbouc's 
fieid, he shall measure out unto him grain in proportkm to che ndgh- 
bour’s field.* 

Irrigadon was rebtively simple in Lowet Mesopotamia. The EupH- 
tates, slower and more manageable chan dx Tigris, catrics ody balTio 
volunte of waier and Hes hidset chan dK other river in hs 
dcltaic readies. This ensures a gravitadotu] flow becween the two riven 
but where che wacer could not b« spread by the mundatiop of low 
ground, when it was needed on higher ground. metbods of lifdng it 
had to be invented. 

The simplest way of lifdng wacer is in the boUow of the hånd or, 
becscr sdll, in thc scoop of cwo hånds, and this system was 'mechaniscd* 
by the making of a bigger ’hand* in die shape of a leather bag or a 
wooden scoop, and the lift of che ann was also mechanically exaggcrated. 
One ef the eacliest devices was a horizootal pole supported oo two 
uprighcs so that the operator could work more eflécdvely by hauling 
downwards instcad of upwards. This tackle was gready improved by 
the addition of a såtern of poUeys. The modem Acab word fl>r puUey 
b found in a tablet of che Sfceench cenniry b.c from Alalakh. in Syiia. 
The earliest puUey>wheri yet discovered in Egypc b of dK Roman 
period. 

Another metbod used, and sdll surviving, b the swipe or shaiuf. Two 
pillars abotu frve fcet high are set less dun a yard aparc. A borizontal 
beam b 6 xed becween them. On dus b pivoccd a pole, oo ooe end of 
which a bucket b suspended, while oo t^ other end a weight b fixed 
as a counterpobc. The operator puUs down the bucket to frU tt from the 
river or canal and the counterpoise lifts it so duc be can tip the bucket 
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iaeo an imgBOoo tfougk By th« mcihod water caa be 

more. A more daborate *y«cin ean lift it highcr, by anangmg tbe 
shaiufi oa terr«« ooc above the other. H« fi« operaior ii& the wat« 
(xom ic anal and op* it mto a ttough oo a higher kvd, ftom whiÆ 
ibe nm operator lifta U even Ugbec. Tbia system is pi^ m the 
tecords of 700 B.C. Vmi the single dwhf appears oa a cylmdct-seal of 



A»T«as ntog 6« d« rive. br 

d«Se^ Tbe tkååtfi, oa tnwJ upri^ «aad «*** 

river bank. md in 6oot of each a btidc pbtfiwm la b«uk ^ to 

river to to »® wbo fin »d empCT to bueketa. From to palaee of 

ef^«Ai^ h«ibCi»vA.Mgot>ociini»(Kvqi«i>««g«wy»-Cj 


abouc i, 400 -a ,>00 B.C Tbere U cviden« of the ose of eW budwts 
acoimd doo B.C. in Babylon. TTiere was ako the ktrti. a skin bucket 
hoisted by power, the animal walldng down an incliacd rainp. 

Al long as therc is a river handy, the peoblem of witer is ftirly easily 
solved. That was why intensive agrkulturc devdopcd in the nvcf 
valleys. B« people’s acrivioes often catried tbem away ftom the rivers 
and iato areas of seant rainftO. where pctennial streams were lacking. 
Tben any had to be eoncentrated around an oasii well, a 

fotile plM in die barren desett. 


1], WATBB ?BOM TBB BOCKS 

Water may be found wbere a porous rock restii^ upoo impetæeable 
strau apmrcs sufficient rain and is neat enot^h the lurfaee. In any 
aepceision. wbere the impermcablerock outerops at the surface. a spring 
will cincrge. The »juantity of lobsoU water will give rise to sutÉwc 
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springs oa level grotmd or nuintaia a level of water in a well sunk in 
dw poFous layer. 

The method chosea by early Man for findtng vnulergrooml watet is 
sdll employed by the nomadic Bedouin today. Hc looks for h in tbe 
wadi-bed - tbe dried-up river cbanxKl. There the brief spate of the wadi 
has seeped down nearer to tbe watet-cablc (wbeie ic cxists). Or be wiU 
look for ie where he ftnds unexpectcd vegetation of a type whkh sug¬ 
gests cbat ia toots are finding watet reasonably neat tbe suriKe. A hole 
is made with hoes or digging-sticks. The loosened eaids is piled around 
the hole to ferm a paiapet to protect the well Iroin aiunidt or wind- 
blown sand. The water-seeker just digs undl be rcaches it. If it is a good 
source, chen the well will be Imed, the weQ-bead made pennaneot aod 
sotne kind of Uftiiig tadele erected over it. 

So ffluch fer the nomad, but tbe developtnent of the city^cultures 
iovolved aeuvides whidi eould not depend oo tbe fertuitoiu finding of 
water. The mining of metals and the quarrying ofstoae mcant providing 
water for coosiderable bodies of tneo in temote pkees. This frequendy 
meant mioiiig for water befere mining for oce. Cireumstanees mi^ 
compel them to go through solid rock without die advantaga of modera 
drilling methods. This theywould do by beadng the rocks and quench- 
ing diem so that they cracked and could be manhandled. Tbe queodung 
meant having water in advance aod establishing a mining setdement in 
this way must have presented considerable probleens of logisda. 


14 . ABTBSIAH WBLLS 


Few Wells in the Middle Bast and Korth Afeica arc very deep. In die 
wadis, water can usually be reached ae twelve to feteen feet. The 
shallow weUs of the lihyan oasis may yield up to eighf gallons a minute. 
When greater quandues are needed fer irrigadoo or a la^ populadoo, 
ic is necessary to dig mueh deeper through rock, to tap tbe watet- 
bearing strata beneath. The wells of andent Palmyra wene down 350 
feet - a remtfkable feac engineering. 

In some placa a hydrostade pressure produces artesian wells wbere 
die watet gusha ^ontaneously up, and out oC the boring. Soch 
artaian wells, bringing water ftom depth. can provide huadreds of 
gallons a nunute. In Egypt, the sinking of artesian wells may date back 
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at ewly u 2,000 B.clt nuy have ori^iuted in the oani ofDakUb, wh«K 
artetian wacer tt {band at ahoot loo fiwt depth, and Ute expoience these 
was probably tniisfbrred to tbe oatit of El Kharga where tbe water ts at 
260 {écL Ute metbcid of diggiag anesian wellt piobably ocrer 

vahed through all the thoutandt of yean oatil modem well-boring 
mathmery wat tntroduced. An open shaft was dug as deep at the tur{ace 
wacer would allow. Thit sui&ce watet had to be by-paated, so the sides 
were shored up widi dmber. In the centre a wooden tube wat placed 
upci^it. Thit would be a hoUowed iree-tmnk or built of acacu'wood in 
curved teoioDS. like modem tube wellt, Uiey were tank in succession 
and the jointt seakd and made watertight. The tpace becween Ute thaft 
and cbe side of the pit was £lled in and pocked dghtly. Within the shaft. 
drilltng was (hen ttarted witfa metal rods driven into the rock by per^ 
cussåon. This was a labocioos process, with the ddbris to bc removed 
and hard rode to be encounteted. The boring would take months, tf not 
years, and tf the lining collapsed ot cracked, everything would have to 
scan again. 

IS. VAMS TO CBBCK THB WATBK 

The idea of dams for holding water 00 the suiftce wottld be fudy 
self-evident in a riverine commuxuty. This was particularly true in 
Ancient Egypt. The NQe rises and fttis at fKedictable petiods. In the 
b^jnning ofjuly, the river is greenisb withseum ftom equatotial waters. 
AWc å formighe latet, mu^y silt begjns to artzve, with a redness 
wfakh caused it to be attnbnted to the biood of Ooris, the‘giver of lUé’. 
The rtong waten flow over the low-Iying lands and the floods continue 
undl September. By the end of October the river bas r etr eated again 
ioco ies bed and by cbe end of May the river b a thrunken stream, 
surviving ooly ftom die constanc flow of the White Nile ttibutary. 

In times the valley people moved to higher ground as the 
floods rose and chen retumed as che river subsided, to gather die edible 
Sffd s of die wild gtasses or, later, to raise plants themselves. Then, with 
more enterprbe, chey would butid retaining walls, to keep die water out, 
or in, in aa encloied area. 

Out of ebu grew die Pharaonie system of basm^rrigation. Thb con> 
sbted of throwing up eaethen banks parallel to the river and then criss- 
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cfojsing thc valley plain with ocher banks to produa a chequer-board 
panero. Tbe »ectioos m^t bc anythtog from i.ooo acrea to 40.000 
acres in extent Ilse dyko were brokcn to admit the flood-watco to a 
depth of three to jix fr« and thc gap wai tben dosed. Afiw about a 
nrønth, when the gtound was thoroughly saturated, anoth« dyke would 

be breadicd to allow the surplus water to drain offto permit thc plougb- 

tng and sowing. This drainage required caoals and once the 

of chose was realised, it was a modest step in hydrauUc engineering to use 

those channels as a means of carrymg water futther afreld. 

This system rfbasin iirigadon, adapced to thc more or less r^ular 
habits of thc Nile (in contrast to the errade habia of tbe Tigris or the 
Euphrates) had manifest advantages. Once thc land had been flusb- 
flooded, no frtrther irrigadon was needed for the wheat or bailey or 
flax. Manuring was unneæssary because tbe silt deposited by the floods 
brought its own o^anic fertilisets all the way from the equatorial 
hiiuerland and also the phosphato which the river had out of 
tbe upper reaches. 

To Menes, die legendary first of thc Pharaohs, is ascribed the furst 
damming of tbe Nile to Control thc flood-waters. One of the attributes 
of the Pharaohs (aided and abeteed by the priests and tbe Nilometers, 
which gave quite radotul measurements. and tbus prediedons, of the 
fise and fru of the river) was that tbcy had suponatural liaisons with thc 
gods who controUed tbe river and theteforc the lives of the pcojde. 
Thesr temporal attribute was that ebey were the patrons of the public 
Works which built thc dykes aod dug the master canals. In a,ooo B.C. 
King Amenemhet I boasted. T grew oom. I loved Neper, the grain god. 
IncveryvaUeytheNtlegreetedme.None hungered nor thirsteddutxng 
my reign.' 

The depudes of the Pharaohs, the district govemors, had as thesr chief 
dde, 4,500 years ago, *The Diggers of Canab'. On t^m feli the dtuy, 
not only of cieadng the canal system but of organising patrols of aU t^ 
dykes when tbe river teached its flood hei^ts and of mohiliring aid 
when disaster oceuned. 

The story oQoseph and tbe Seven Fat Years and the Seven Ti»^n Years 
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is tbe aceoimc of a drcumstance which has recurred all through the 
thoosands of yean oTNile hbtory - che cycHcal droughts, wfaich ate just 
as senocB as dse cycltcal floods, lOce the ooe rccorded at l UntOf. Tliere, 
aboot S67 B.&, *t^ flood* (as a temple imcziptkm records) ‘cotc in this 
lawl , The entite Wley was as a sea. No dykes coold witfastand 
tbe fury of dse waters. All the people were like waccr-^ds or the 
swimmen in a toirent The temples c^Thehcs were like marshes.' 

The Nilometert, spaced up tbe valley, gave eootmuous recordings 
and dw pnestly records provided tbe necessary comparison. Tbm tbe 
river prieso thwr nusters could have waming fiom a soccession of 
twency sites of tbe approach of the doods and gauge &om their stabstical 
records any aboormality. The atchiva of Nile records for tbe 1.300 
yeaa fiom tbe Arab conquesc to the present day show that tbe sdt 
df prtptrd tn the Nile Valley has raised ^ land by over eigfat feet. 

In the Vatican today is a Greek statue of the Nile god holding a hom 
of ahondaDce, surrounded by sizteen children. each ooe cubit hi^ A 
rise of tixteen cubits of tbe NiU waters at Memphis meant aasured pros- 
pezity for any teason. 


Id. STOBAGB CISTBBKS 


Daiu to store water at well at to coDtiol it were anotber sdf-evident 
derdopment, bot the eatly people would leam the hard way that an 
open reservoir loses enonnous quanriries of water by evaporation under 
thefieroe heat ofthesan.Thatiswhy wc shouldacknowledge and idmire 
ingenuity of those wfao, with no rivers to replenish their water supplies, 
invaited tbe rodt dstems, the undetground reservoin of dae desm. 

Scactered over tbe Arabian Peninsula cement-lined tanks and stone 


dstemsofunmeasuredantiquicy are tobefound. Atarid Aden thereare 
fifty great dstems widi a capadey of over durty-million gallons. Most 
of th^ may date ooly fiom about 1,400 yeats ago hut they are almost 
cectainly die extension of a system of mueh greater andquity. In 
Paladoe stone cistexu have pitad the hillsides since Bibhcal times. To 
overcome evaporation, whidi not only meant a loss of water but an 
acctedoo of alt, tbe boUowed out sunken eaverns in tbe 
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mounuins oc cxploited oatunl tubtemnean rærvoin nich as are 
ia the volcauic dismct of Hauran and in tbe fissured basalts of Tnnt- 
jocdan. In tbe Negev, die desert in diesouth of Palesdoe, are to be Ibund 
rock dsterm of Roman otigin, suck as are abo Ibund throu^ut Nordi 
Africa. but abo otbers whidi were conscructed by tbe Nabatcans. 

The Nabateaos were tbe pre-Semitic desert people of Arabia wbo 
caxne imo tbe deserts to tbe nortb of tbe Gulf of Aqaba abotit 500 yeais 
B.C. They were tbe great rock-masota of tbe andent world wbo carved 
a city out of tbe clifb at Petra and spread garrisoo ddes tbroaghout the 
desert where they lived, literally, in the hiOs. Apart from their dweUtng- 
caves and their iomb<aves, they constructed resetvoirs insde tbe hitk 
The dstems were remarkable, not only for their size - a tribute to t hri r 
Runers, masoDS and engineers - but for tbdr ingenuity. The kssons 
whkb tbey caught to the Romans we can leam with pcoEt today (tee 
ako p. 189). 

After my desert joumcy through Nortb Africa and the Middle East, 
I leamed 10 guess from the con&guratkm of tbe hiOs where such cistems 
were likely to be found. Once in tbe region of Subecta, anodicr Negev 
dty, Byzantine m the character of tts preaent ruins but Nabatean in 
origin, 1 looked at a bili landscape. I wagered tbe desert expert who was 
with me tbat, in a certain dip in the bilis, we would find a dstem. He 
consulted his charts but could £ind no evideoce. We drov« to tbe spot 
and tbere we found a dstera wbich bad been broken open from the 
suiface by tbe Egyptian soldicn duiing their campaign against the 
kraelis. 

In Egype, at Burg-el-Arab, 1 visited what had been an underground 
battie beadquarten during the El Akmein campaign. The desert was 
perfeet camouflage and without a guide I could never have found tbe 
entrance. Scorpkms, with their powetful pincets and potsonous sting, 
had diicovered the cool comforts of the abandoned H.Q. and added a 
hazard to tbe visit. Underground tbere were twelve rooens, including a 
big War Room where tbe operations bad once been planned. It was a 
magnificent piece of engineering and a oedit to the milicary engineen 
and to modem conciete. But, separated by a mile of desert and by neaily 
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3,000 yeats, there wu inocber andergroand shelter. Ic was a watcr 
dtpHg &oni the Romans, bot nmilat in priaaplfi to thoae of du 
Nabateans. It was not my idea of a asteni at alL It was a grcat undet- 
grouod cavem witfa Tiulced and biandimg gaOerics. Into it £rom 
every direcdoa fisd du runlcB btinging the watcr the surrounding 

biilt, whkh had becn d^berateiy saipped down co bedrock. This 
cåicem was cae of many hundreds of Roman ei s tem s in the Egypdan 
desen. It, bIf* man y othen, has becn restored and the nomads draw their 
watcr radon from it 


Watcr stered in dsis way, no t just for months bu t for yean, is not Tcty 
£resh. It is, however, very Ihrdy; it teems witfa Idé. Nothing woold have 
indowd me to drink it after having scen at clou quarters a scum of red 
rtf ganitm« and swamu of vriiat looked like pink tadpoles which covered 
the sutfkce like a living rust The nomads, however, are not qixite so 
pardcukt; duy just strain off the wild hié through muslin. 


17. STOMB AQDBDUCTS 

The step from eardtworic canils to aqueducts was a logical one but it 
involved a btg advance in tedinology. The Andents leamed the hard 
way diat soil and rocb are porous and diat du loss through seepage and 
evaporadoo it coastdcrable. (Convetsely, they discovered dut unglaaed 
poctery, srith its pores, like dtose of the sldn. could kcep bquids cool by 
evaporadon.) Sennacberib (705-^l >.c) constructed a stoae canal to 
bring ftesh watcr to Ntneveh &om Bavian in the northem footfaills, a 
distanceofovecfifty miles. Tlus canal was. at sonu points, over sixcy 
féee wide. At ooe place, where du canal had to cross a wide valley, a 
stoae aqueduct was constructed, involviDg over 3 , 000,000 blocks, each 
of dum 20 X 30 X 34 inchcs. and it was canied on hve pointed atches 
actoss du bed of a wide stream. 

The waterproofing of the canal bed was technicaUy ingenioos, even 
by modens standardt On an indi and a half bicumen its buiJders 
fioated a lining of concrete dfteen incfaes thick, The conoete was an 
excellent mixture of hme, sand and bcoken limestone. It is also dear, 
&om the excavadoQs of this aqueduct, diat the canal bed was used for the 
transportadra of stone &om cfae quairies at du Bavian end. As each 
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secdoa of die canal was kid, it becune the carduQy gtaded pavement by 
wbich tbe none blocks vrere baoled on whecb or on sled* or roller*. The 
duppingB thow duc chenuion-work oo the 2.000,000 blodet was dooe 
oodusite. 


iS. THB riKBS OB TH> GODS 

Bituinen was used as a buildmg nuterial &om remocett antiqaity in 
Mesopocamia (but not in Ancient Egype, uotil the Ptolemaic peci^). 
This »rly exploitadon o£ tbe oU reserves which have ^pued so promi* 
nendy in our twcndech-ocacury politics was bound up originally with 
mysdeisnL The BabylooUn word for naphtha (wlucb we borrowed 
dircetly from the Grecks) was lupru, which was used in temple cexts as 
eaxly as 2,000 B.C. U reférred to prophedes based on the maoiféstadons 
of oil &om the ground. If fiied by lightning. tbese dåres of natura! gas. 
or oil fractions. must have had an awe-inspixing eftect. Even the escape 
of gas through the dssures could be terrifying, at King Tukuld Ninuru 
recorded: T camped at a place where the voice of the gods iasued from 
the rocks.’ Thac was in 88$ a.c 

The ancient Sumerians contidered the world to be a vase raft doadng 
on a sea in which the godt lived and duough which they generously 
gected die springs of water and, in die oiUre^oos, bitumen and natural 
gas. They knew bitumen bodi as rock asp^t (a word which lingen 
&om Sumerian dmes) and as a liquid. The Kit^ of Lagash (about 4,200 
yean ago) was obeaming it in large quandeks &om the mountains. The 
rock asphalt was heated in sieves and the bitumen oozed oot. Hard 
bitumen u sdU found in large opea 'lakes’ to ebe west of Hit, about 
ninecy from Baghdad. k can be quatried but it it abo found in 
liquid form coming out of springs along with sulphurous water. Thit 
liquid aspbalt oozing into tbe river forms a doadng ‘caipet* which the 
ancients used to dr^ ashore. 

The bitumen was used in budding operadons as a masde. It was 
tnelced and mixed with fillen - sand, loam, time, diopped reeds and 
straw - whidi prevented it from ooang out from beeween tbe scone* 
when it was used as a sort of mortar. It was abo used as a painc or 
pteservadve. 
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19. COLOSSI AND PTBAMIDS 

Whea octe wamed, as Seanachenb did, to move great blocks of 
stOQO, noe only to provide che nusonry his catuls but to transport a 
colosRU (br Ninev^ ooe aeeded hauJage materials. This meant ropes. 
The manu&ctnce of topes vrås of dse greatest imponance in the andent 
empites because the hauling had to be date by slaves and ooJy a long 
rope could accommodate tuffidenc manpowei. A bas^eliefin the British 
Museum of haulage in Scnnacberib’s time shows the blodt of stone £br 
his *BuQ Colossus’ being dragged along on a sledge and being edged 
forward oa coUen by men hauling on ropes at least rwo and a half 
inches duck. The othec method of hauling snch blocks was undoubtedly 
by rafts and river batges. 

Even in che age of the great skyserapen and bridges llui^ across San 
Ftandsco harbour and Sydney harbour and giant hydro-electric dams, 
yes, and mountamscarvcd in the images of American scatesmcn, wesdtl 
cannot repress aa admiration for those wbo, without the benefit of 
machinery, quatried, cut, transported and carved the great blocks of 
scone which characterise to much of the imperial splendours of Middle 
Eastem and ocber councries. 

It aeerns an innate urge in men when they reach a certain stage of 
development to express themselves in grandiose masonry. It is not con- 
fined to Mesopotamia nor to the splendours that ate Egypc or Grecce 
ot Rome, noteveotoIodia.We find the same sort ofexpressionintbe 
massive monolichs of Easter Island and, of course, in the British Stooe- 
henge. 

In the old Kingdom of Egypc, between 2,700 and 3,200 B.C.. che fim 
sobstantul stone buildings began eo appear. The carliest impressive scone 
stniccure, the step-pymnid of Zoser at Sakkara, shows an extraordinarily 
highly developed skiU in masonry which indicates quite a long tradition 
in the craft. This massive structure rising to a height of 204 feet has an 
tnteresting coUåtetal history. 11 was designed for che king by his archicect, 
Imhotep, but dirougb tbe cencories the Egypdans esteemed Imhotcp 
not as a pyiamid builder but as a doctor. His name signified *He who 
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cometh in peace'. He was ddfied u a god of healing. aod was Utec 
tdenuficd by che Greeks witb cfaetr own god of healing. Aeaculapiu*. In 
duc pyramid tbe nusonry was in stnall bloclcs. abouc tbe size of dic 
bcicks of which they had expcrience and which could be håndled with- 
out mechantcal devices. 

Many andent quarries worked by che Egyptiaa kings have becn 
located and have shown dse wayi tn which the scooe was obtained. 



Uofioished Obelisk at Anran, Egypt 


These depended on whetker it was an open quarry or whether rodes 
were exeraaed underground. When ic was foixnd that tbe best ttones 
were deep dovrn. tunnels sevesal hundred yards long were cut duoi^ 
to reach the required stratum. 

At Aswan. a gianc obelisk still unremoved fiom its bed has beeu 
discovered. This gianc block is over 150 feet long and weighs about 
1.B00 tons. This should be contrasted with Cleopacta't Ncedle tn 
London, which is about e^faty féet high and weighs 200 tons. This 
particular block sdll remaiaing in the quarry was abaodoDed, obviottsly 
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because of cracla. The obelisk was shaped and a trench around tt waa 
(brmed by pounding the gtaoit« witb dolente balls, very hard stooes 
which wcre ^pUed with rammen. It has been calculatcd dut this proccss 
would lake at leatt monchs. The qnairy shows that after tfae crcndi 
was completed the tcchnique was to undercut the block. One of the 
methods whkh was cmployed (but not m this pardcular case) was to 
ddve in wooden wedges and then to wet tbem so thar tbey expanded 
and tived the stone. There is also evidenre that hmestone blocks wete 
cot wids uws - copper blades fed widi sand, or set with esnery tecch. 
For dte shaping of the blocks dolerite, quataiee, schist, and greess 
bteoåa were used. 

The erecdon of thete monster blodes still mtiimdates the itnagtnadon 
because the capstao or puUey was tmknown and there is no evidence of 
wbeeled vehides befbre the New Kingdom, about 1,546 B.C. The only 
devices dsat diey bad were levers, slec^es, roUen and a method of 
excrting tcnsioa by twisting ropes togetber. Instead of scafiblding, earth 
tamps were built, up sdiich the blocks wem roUed or dxawn towards 
the bed. As the waD of a building, or the pyramid, rose, the ooirect 
aligoment was fixed at the joints and the rctnainder of dsc Uocks were 
lefi in the rough. The hnal masonry on die &ce was completed from the 
top downwards as the earth ramp was gradually icmoved. 

20. NOT FOlCBTTINC STONBBBNCB 

A method by which these giant pilian and blocks could be sunk in 
dieir fbundadmis bas beea suggested by the study of Stooehenge. Here 
in the middle of Salishury Pkin, about seven mila tiorth of Salisbuiy, 
is a chalk plateau. And here there is evidence of two difiérenc sun- 
tcmpla. The second, called Stoodienge Two, sdll remains in iti form 
of the standing stones. 

Two kinds of scone were used in the building of Stooehenge Two. 
One, satsen, is a hard sindstone found about eightees mila away, but 
die odur is known as 'blue stone’, and chat could only have come &om 
the mouotains of Pembrokeshire, 150 mil« away. The ouier drcle aod 
the hoeseshoe of standing stooa are of sarsen, while the small upright 
stona are blue stones. Stoneho^ Two must have condsted of a con- 




Stooehenge: pOMibk medwds otetecdoa 


cmuous drcle of susen upri^ts with nones Uid boiizontally aloog dum. 
The average weight of the sarsen uprights is about 26 tons, but some of 
tbem wei^ as much as 40 tons. This would not preclud« tbe carryiog 
of chese scones from their quury in the Matlborough Dovms by rollen 
and levers. The »maller Uue stooes nuy have oome by a laad-^ea rouce 
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&oni die Pembrokeshice Hiils, in die dm inscance to what u now tbe 
port of Mil&rd Haven, and chen aloog the ooasc to die Avon, The 
stonca could have been shipped ttp tbe Avon and its ttibutaiy, the 
Prome, and then vrould have been manhandled for abotit ten miles to 
the headwatets of another river, and down to the 'Wtltshire Avon. 

The ctection is coneeived to have been achieved by malting the pit 
with a vertical tide and a sloptng side, The giant stonc would be roUed 
to die cdge of the pit to dut it would tip down tbe slopbg side and be 
poUed into position by a åmple device of having a pair of sbearlegs by 
which, it is estitnated, i$o men could puU into position a rwenty-ton 
stone pillar. The hotels could have been puUed up a ramp which was 
ctccted to the heigbt of tbe vmical pillars. Stnee tbey had a tongne-and- 
groove joint, tbe linteis would be moved tideways and by the removal 
of die material undemeatfa would drop into the pinholes which would 
thym in porition. 

As Thor Heyerdahl has thown on his Aku-Aku expedition, a siniilar 
technique would explain bow the giant stone carvings on Baster Island 
wece ctccted, It is a matter of interest dut people with obvioualy no 
culnaal connections sbould have arrived at «milar cechniques for what 
would scem to be an excessive human eSbrt Ibr quite ooD-udlitariaa 
puiposes. 


at. EOASTING IK STONE 


This vaundng in stone which expressed itsdf amongst the Incas, the 
Aatccs, the Hindus, the Chinesc, the Polyncsiaiis, tbe Babylonians, tbe 
Egyptiamand the Dnxids of Britain is astrange urge of the human spirie. 
It ts as ihough men, in their own generation, recognised their own im« 
pctmanence, and, contrariwbe, the dunbility of the stooes, and tried 
to aefaieve immortalUyas kings or as cultuies,by an almost superhuman 
edbrt of constroction. 

Wliat impressed me at Monte Alban, in Oaxaca in Mexico, was the 
intempcrance of human vatiity. Thete in the diggings you can aee su^ 
cessions of tetraccs - like the temccs of a sports arena. Ohviously each 
new priesdy ordcr wanted to caise its temples higber Aan in pro- 
decessor's and did so by buiiding on and over the tcrraces, Eke a child 
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pUying witfa buUding bcicks. But in tbe procets tkey boried the carving« 
whicb were tbetc already. Tbcy wete oblitctating thdr predeccsson 
wiule buildiog upoa didr work. 

What wc know ind see of tbe indeu ctviliatiaiB u tKi-ii- 
gnndeoc but ic is occessiry to remind omelva cbit cbdr feundacioas 
wet« in aUuvial salt - m the toil tbit yiddod tbe food ind oa tke åUen 
thit produced thac fbod. The whole of the vist superstruoure detived 
from che cxploiodoa of the soiL 
Let os briefiy recapitulate: 

By bettec husbaadry, the tillef produced the turpluset which 
eaubled him to employ others mote skilied dun he to make him 
betcer took 

$0 tbe cnfbmin evohrcd and with him the ausdliiries soda as 
minen to get him his metals. 

On the surplus Grom dae land he sopported tbe ptiests, wfao becisne. 
as weO IS tbe mystks, men of practical leanaing. or 

The temples bcaune the entrepdcs, tbe otho-hartu of fann>Cnbuces 
to tbe gods; the traffic in tbose goods produced trade aiad, when direct 
barter became too cumbersome, tokens of excfaange had to be 
created; and so money was invenced. 

Money became a commodity in itself; so daere enae^ed tbe mooey- 
cbaiagers, tbe money-lenders and the ccedic>bankets. 

The ea^rc of tbe prodoee of tbe land and tbe products of the 
craftsmeo meant trade becween ne^iboutiiig dåes and liter distant 
dties. 

Thac meant transport and conuntmirarion. 

Accessible wcalda exposed die ddes to tbe envy of marauders and 
thejcalousies of ochcr ddes. 

So the ddes had to have defimces atad the trade rootes bad (o be 
procected. 

Professional soldsers and watrior kii^ provided tbb protecdon, 
awd, in dae event, dae cooquering dynasdes. But tbe whole supec- 
scruccuie tbe crafomen, the priesdaood, the tax-gacbereis, dae 
bazaar tradcrs, dae hnpon-o^ort merchants, die fmanders, dae 
soldien and tbe feudal system and imperial adventutes of tbe kings 
- decived feom tbe laboun of tbe rillers and die soil tbey husbanded. 
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E 2 . THE SOIL AS A BtSTOBY BOOE 

buieed, the whole of indent sodety depcaded eodidy apoa (be soil 
End in the finAl test the hiseory of these dmes u not wiitten oo ehe temple 
fneses, the clay tablets, the parduneot lolh or the rock-writings, nor in 
the conventional hutory>boc 4 : wridngs of today. It is written in the soiL 

Whcn we talk of leviving the granaries of the Andent World, culn- 
vaoi^ again the deserts in which the Andent CivihsatioDS foundered 
in tfaeir own dust, the answers of the modem schools of agronomy are 
too ghb. We must go bade to the soiJ itseif as the text>boolL 

That is what the Israelis are dotng when they send out archacologists 
as the advance^uard of desett recovery and dut is what has been done 
in Iraq in Mesopotaxnia itseif. 

As a prdude to the recUiming of these lost lands a research projeet 
was undertaken by Dr ‘Iliorkild Jacobsen and Dr Roben M. Adams of 
the Oriental Institute, Univeniiy of Chieago. They set out to study the 
6,000-yeac record ofirrigadosi agriculturein the Tigds-Euphratcs dood 
plain. In additioo to scarching the andent recotds of Icaq. which have 
been scattered tfaroughout the wortd’s Itbcaries and museums, the team 
which they headed carried out a pcogranune of accual held work in the 
portion of the plain watered by the trihatary of the Tigris, die Diyala. 

Hcre they made discoveries of the profoundest importance to desert 
recovery. One of the greatest problems which confrooes those who are 
trying to redeem the deserts is that of salt, which is inherent in the nature 
of dse hoc, dry deserts. Salts, of various kinds, are hannful to crops and 
to the texture of the soil and, as has been shown in ptematute adventures 
in re-setdement, will in a Scw yeats force the former offhis land. 

These salts tn the sutfooe soils have, in a land like Iraq. got there in 
devious ways. A primary soorce of salts is the leadung or dissolving of 
the rocks by the riven and tbeir tributanet. These salts are carried with 
the silt to be depossted in the alluvial soil. The threr-bome salts are then 
distributed by irrigadon watecs over wider ateas of tbe land. With the 
thin spreading of stnfoce water for iirigadon purposes there is a high 
rate of evaporadon leaving an aggregadoa of salt in the atable sc^. In 
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tbe soudwm pm of Mesopotamia. the sea once reacbed as &r nordi as 
Basra, so that the soU itself hu been deposited on top of marme salt, in 
addition to the pcescnce of saJt bone in br the winds &oxn the Pcrsian 
Golf. 

The irrigadon water of this part of the wodd contains caldum and 
magnesium, u well as sodium. As the water ev^taces, the caldum and 
magnesium prcaphate u carbonates, leaving tbe sodium in solution in 
the scnL Unlos the sodium ions are washed down tnto the watet-rable 
they af&ct the clay particics, tuning them into 'hard-pan', a crumbleu 
soil in which seeds cannot gexminate or (dancs extend tbeir roocs and 
breathe, and which b almost impenneable to water. 

Where tbe water-table has only a veiy flow — movement to 
carry away die salts > diey dnin tbe sur&ce and afnitTuitan« in the 
ground water. Wben irrigadon wacers are added successtrely. oc diere 
are floods and rains, dus salt'Iaden ground water tends to rise and the 
salt seeps upwards again into the rooe-sone or to che sui&e. 


aj. SALT AND CIVILISATION 

As we have seen, howerer, thu b not a problem of just our day and 
age; u must have been true throt^iout all the thoosand of years in whidi 
Man bas culdvated the soil of Mesopotamia. Dr Jacobsen and Dr Adams 
reported m Norner (VoL xaS, No. 3334) on the progressive fbaag i ^ in 
soit salinity and sedimentadon and how these contri^ted to tbe bteak- 
up of past dvilbadons. 

Although die ferdlity of Mesopotamia, in andquicy, b proverbial, 
the ttadidonal control of the water-table was based only on tbeavoidanoe 
of over-irrigadon and on the ptaedee of weed-fidlow in altcmace years. 
The weeds were deep-rooted and had the eflect of creadng a dry zone 
in die soil, at depdi, and so prevented the rbe of salts through capiOary 
aedon. Hus was a form of plant drainage; the transpiradon and evspora- 
don through tbe leaves of che plants could eventually ceduceanardflcially 
tused water-table to safé levek 

The recordi show three major oecurrences of die process of salinadon. 
The earliest aflected Southern Itaq &om 2,400 B. c. ondl at least 1,700 B.C. 
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Ann thgr, tess seiious, otie was in central Itaq bcrween 1,300 and 900 S.& 
Tliere is evidence to diow tbat the Nahcwan area east of Baghdad 
became salted only after 1,200. 

Ib« study of}acob$en and Adams suggests chat sak, in the fint of chcse 
occurrcnoes, led to tbe break-up of tbe Sumcrian civilisation. It caused 
dse nortbward movement of tbe major centres of poUdcal power from 
aouthicm into central Iraq during tbe eady second miDennium 8.c Thdr 
account ^ Science) of du decliM is straigbtforward and penuasive: 

*It to have bad tts rooes in one of the perennial disputes 
betwecQ du small, independeneprincipalities which were the prindpal 
aodal units of tbe mid-ihird tniilennium b.c. Gieso and Umma, 
ndgkbouring ddes aloog a watet<ourK stemming fiom tbe Eupb- 
ntes, had fisught fer generations over a fenile border district. Under 
the rulet Bntemenak, Giisu temporarily gained du ascendancy, but 
vrås unable to prevent Umma, sicuated higber up the water-course, 
from breaching and obstructing du branch canals tkat served du 
border ficlds. Afier rquated unsaccessful protests, Entemenak 
evcncually undertook to supply water to the area by means of a canal 
fiom the'Iigris;access to that river, dowing to the east of Ginu, oould 
bc assuted vithoot fiudier campaigning against Umma to tbe nortb- 
west. By 1,700 8.C. this catial bad beooine large and important enougb 
to be csdled simply "tbe Tigris”, and it was supplying a large region 
West of Giisu that fermerly had been watered only by the Euphrates. 
As a result, die limited irriganon suppbes tbat eould be drawn fi:om 
the latter tivec were lupplemented wich copious Tigris wacer. A 
coiresponding inereau undoubeedly oceurted in seepage, fiooding, 
and ovei'iiTi^don, creatmg aQ du conditions fer a decisive rise in 
ground-water levd. 

‘Several parallel lines of evidence allow die eosuing salinisation to 
be feUowed quantuattvcly: 

(i) Beginning shordy after the reign of Entemenak, du prcsence of 
patebes of salme ground b diieedy atusted in records of andent teinple 
surveyors. In a few cases, individual ficlds which at time were recorded 
as idc-free can be sbown in an archivc feom 2,100 B.C. to have 
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devdoped conairions of sj>o*wiic salmity during tKe 300 mterveamg 
yeati of culdvadoo. 

(3)CropchoieecanteiaflBeiiced by nuny fiooo, but Ae om« of 

salinisation strongly fevoon tKe adopnoo of eropc which ate moce 
salt-toleraat. Couno of gtain unprcssiocu in excavated potiery from 
sites m Southern Inq oftbout 3 , 500 b.c„ made by R Helbsek. suggest 
M that tune the propordoni of wbeat and hatley were neariy equaL 
A littfc more than 1,000 years latcr. in the time of Entemcnak ac 
Ginu.the]ess $alt-^Iefamwheataceouiitedfotonlyone.«tthofthe 
crop. By about a,xoo 8.C wheat had slipped sdU funbec, and it 
aeeounted for lessthanapercentofthe crop intbe Girsu area. By 
1,700 B.C the culavadoa of wbeat had been abandooed complctdy 
in the southem part of the aUuviun. 

(3) ConcuTTcnt wiA the shift to barley culthration was a serioos 

dedine in fcrdity which for the most pan can bc attributed to salinis*. 

ttoo. At about 2 , 400 S.C. in Girsu a number of freld records ^ve an 
avcxagc yield of 2,537 Ums per hectare (a.780 butbeb per acre) - 
highly respccuble even by modent United States and 
standards. This figure bad de c lin e d to x^do litres per hectare by 
2,xoo ».C., and by about x.TOO b.c the recorded yield at neat-by Larsa 

had shrunk to an average of only 897 litra per hectare. The cØects of 

this slow but cumuladvely large decline mutt have been partkularly 
devasuting in the cities, where the needs of a considerable super- 
structurc of priests, administrators, naerchants, soldiers, and oafb- 
men had to be met with surpluses from primary agricultoral pro* 
duction. 

‘The soDtbem part of the allovial phm appean nerer to have 
cecovered frtUy from the disastrous general whidt accooH 

panied the salinisation process. While nevet completely abandoned 
afrerwards, cultural and political leadership passed permaoently out 
of the regioa with the rise of BabylMi in the eighteenth ceacury B.C., 
and many of the gr cat Samenan cities dwindled to viOages or were lefr 
in ruins. Probably there is no t»iw<rii-al event of dm m^nitude for 
which a single explanadon is adequate, but Aat growing scål salinity 
played an important part in the bceak-op of Sumerian dvilisatioQ 
seems bcyood question.’ 
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It U of gtcåt histoncal unportance to leam, in this way. how a ctvilisa* 
tioD can dk. Ic u mote iisportanc to ooi present needs to know how it 
sunrived. Hexe were comsnumdes whicb had existcd in spite of the salt- 
ing of the aoil whicb they had &imed prosperomly for 700 ycao. The 
e^ence is prctty cooclusive that the climatk condition« have not 
changed in ^ dtousands of years bctween thesn and us. There is no 
sign of large-scale drabiag e systems which might have corrected the 
infilrrariiin of salt and yet, as Jacobsen and Adams have suggcsted, the 
grain producdon was impressive evm by present-day standards, with 
all otte fértilisets and iciendfic inethods. 

14. OCR DEBT TO THB TAX-CATHERBRS 

The tertboob in which the tedamadon of these lands may be 
observed aie tn faet the cemplc records, the tax-gatheter’s accounts. 
l\vo sets ofrecords. with a gap of 300 years, have been exasnined from 
dK moond. or uU, of Lagash, de cicy which was contemporary with, 
and near, Ur. These tax retums are in the fonn of clay tablets and the 
eariiest of cfaem date back 4,400 years. From these Dr Jacobsen and his 
coUeagues were able to idendfy the actual fields and to discover how 
mueb irrigatioa water was put on them, and for how long; wbat oops 
were sown on them and not only whae ihe yiclds were hut how fu 
apart they sowed tbeir seeds. 

But the alt which provided de oltimate fertility was itself a problem 
for the cultivaton. We accept de fut tbat riveo bring down 

the sSc and create the all uvial ddtak soik But it is now obvious that vase 
areas of the pbins of Mesopocamia were covered by man-made soil; 
men spread the silt by thetr systems c^irrigadon canals. 

About 6,000 yean ago the tillers had been content to take advaneage 
ofthesoth oftbe river banlo. Their irrigaiion, at hest, was a system of 
levecs to keep the river in check, with breaches in the earthworks to 
flood the adjacent fields when reguired. As they became more cntci* 
prtsing, bowever, their network of canals spread away, and for coosidet^ 
ahle distances 6om the river. In switching the water, they switched the 
sih as welL !n the course of the last 5,000 years an aver^e of 40 fiset 
depeb of silt was laid down over wide areas. Ic is obvious from the wodc 
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of the ardiaeological agronomi« tlut only pw ofAii <lepoB(, although 
a jubsuntial part. wa* due to aevere floodi (likc the ooe that drowned 

Ur). The nit deporited in canal beds had to be dtcdged out and piled OB 

the banks. When dus dredged mod dried out it became wind-blown 

dust whieh was spread over a wide arca. Soae of the abandooed canals 

ean bc accounted for by the 6ct that the dfedgmgs from other 
bceaæe mo^ sand dunes which choked the Laer watercourscs. Bot 

by frr the greater proportion of the depodt was from irrigadon water, 
as it spread over the frelds. 

Another 6ctoc vvas that sedimentation, in the riven and canals, raifcd 

the level of the channel-beds. This slowed down the dow of the watet 
sothat thesiltseeded morereadily andinacasedthesedimentatsonpro* 
cess; as the canals and rivers became shaQower. the possibilines of the 
flooding were incrcased. Leveea were teoured by the ratho^ which 
^read the resultant silt and to depressions cau^ swampt. 

25. WATSR AKD WAB 

lo sfaort, at has alreadybeco pointed out, when Man interferesvnth 

nature be has to maintain his mastery or nature regamt it The eaily 
nQers merely triBed witfa the waters, but, at ihevill^es and die 
grew, the exteostoos of the irrigadon systems in order to produce 
food meant massive int er f er csic e . The individual dllen were now de- 
pestdent on a water system which cenld only be mamninfd by a strong 
central authority and by publie works which coold carry water urro ii 
long distances, over ofren unwanted ‘uneconomic’ wastelands. They 
had to protect the waterwayt - because, in wars, the way to 
ciipple an enemy was by bnaching the leveet 
Wan, however, were only min(» incidents, contiibotory bocnotcoiH 
clusive. Wridng of the Diyala region of Mesc^otamia, Jacobsen and 
Adams dxew this conclusioa; ‘By che middle of the tweltø cefunry, 
most of che Nahrwan region was already abandoned. Only a crickle of 
water passed dovm the upper seedon of che main canal to supply a féw 
dying towns in the then bosdie desert tnvadiag Mongolboesanenunder 
Kulagu Khan, who muse have surveyed this devastated scene a ceneury 
later, have heen unjustiy Uamed fr>r causing it ever suice.* 
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The Streams of Civilisation 

Tlte feftile Nik. wfiidi crattiK* new dolb frune 
Loog Bhodmot, wboM wnne tprin£* &om ibe dde, 
Fairc bter, 6owiag trom ibe mooocains hk. 

Uvine Snounder, pwpled f« with biood 
Of Greda and Tiojans whåd> iherdn did dk... 

Thr Iktrk Qhw) by bomund 


I, FROM KOUASCBS TO MONARCH8 

Whet Menes founded the fuse Egypcun dyoasty aod tbe cicy of 
Mry w phtt (iboue j.lSS 8.C.) aod me^ed tbe culcs of Osiru and Honu 
and Upper and Lowes Egypt, tbe nutoial source of his powec was 
copper. With this metal he became a nonaFcb instead of a nomarcb. 

Before theo the nomrs ot cotemie villages ftdenttfymg themsdva with 
tbe cults of the cat, the faleo«, the tam, the wolf and so on) had 

existed as units under a govemor (tbe nomard^ and had lived on and 
itaded thfi r sur^uses. Those of dw Delta had used malachite as a 
cosmctk for tbeir eyes and bad goe it &om tbe Sinai by battet with tbe 
desert hunters. Then, acound Menes’s dme, some cxpenmeoting metak 
hirgist discovered that malachite was fusible and could be smelted into 
copper. The copper was a pardculatly hard vatiety, which did not need 
tin CO alloy it; so Egypt did not have a Bronte Age, and the copper 
weapoos enabled Mena to impose tbe will of Upper Egypt on Lower 

BgTpt- 

Meoa was chief of the Falcon Ctan. He took the precattoon of 
mythologicaijy ideotifying hinu<;lf with Horus, tbe fålcon-headed god 
and, by tbe diipensadons of mytbology, Horm was identi£ed as tbe 
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»n of Oåfu, who wai ibe gwi of the Nilc, die soura of all tt* fruitful- 

ness. 

Thus by creattng a god-ldng ideadcy, Menes held ta ficf noc onfy the 
laods of the Upper and Lower Nile but the larmen as well, since the 
ferdlity of tbeir fields depended oo ha god-like botmry. 

About thi* dine, too, another induoce had erept m. On the rocky 
wallsofdry wadis between the Nile and die Red Sea and oa the combs 

of Hicfakonopoli* (Hlcon City) can be teen picturet of sailiiig boats, of 
tecognisably Penian Gulf types. On the tomb walls (ta the desen) they 
are seen in naval battie with the reed boas of the Nile. That wm - 

is carved OB a Icnife handle fbulsd at Gebel-d-Arak at the Nile end of the 

crosa-desen toute &om the Red Sea. The other side of dut ivory carving 
depkts a 6guie whose dress is qoite foreigp to Egype bat which has its 
prototype tn a basalt stele fbtmd at Erech in Stuser. Comparadve 
archaeology would therefore suggest that there was a with 

Mesopotamia which had some inHuence in communicating the civi]ita> 
don exisdng there to the Nile Valley tillen and, maybe, in inspirii^ the 
idea of the god-ldng dynasdes. 


ftom Mene* oowaids, through thirty-ooe dynasdes and over a period 
longer than tfaat which divides Alexander the Great &om our present 
tune, %ypt was ruled by gotydngs and priests. The basts of dieir power 
hke the bases of die pyramids rested fout-sguare on the soil and derived 
from the edbets of the peasantiy »Hing the allirrul w^i lt of die Nile and 
its delta. 

The surplus wealth which the sod yielded tn the dupe of lbod<tops 
and fibre-crops mainiained the priesthood, the crafismen, die bureau- 
cracy, the army and the Pbaraohs. This wealth was so abundant (whether 
the peasancs found U so is another matter) that by 2,700 ».c Zoser (like 
the oil-sbciks with rhwr Cadillacs) had to find more more grandiose 
ways of disposing of it The god-ldngs of the fim and secood dynasties 
had been content with the nwUéas, tombs built to hold the aixstocratic 
remains and aQ die food-vessels, wine-jais, hunting iroplements and 
other necesnties of pharaonic Afier-Life. But Zoser eharged his doctor 
Imbotep K> build him a tomb commensurate with his wealdi. Thit was 
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the Hnt. or Step, Pynmui. se Sakksn, on high groood overlookbg 
the dty of Memphu. 

Imhotep was mote than a greac healer (which accounted foe hia 
deificadoa); he was also a great acchieect, tnatbematidan, astronomer 
and et^ueer. In its final fonn. his pyiamid was a massive seructure cising 
in six UDC^sal stages to a hdght of 304 leet. Its base measuretnents wexe 
411 fiset from east to west and 358 from north to soudL A mil^long wall 
33 fixe high soxrouoded its prednets. 

3 . TBB CBB4T PYBAMID 

Tbis pyiamid was the beginning of that funerary grandeur which we 
identify with Egypt. It was surpassed in the fburth dynasty by that of 
Cheops. His Great Pyramid at Giza is 733 fiset square. tisii^ to a heigbt 
of 481 fecL le contains 1,300,000 blocks, each weighing. on an avetage. 
2^ tons. The blocks were quarried on tbe east side of the Nile and were 
floaced across on nfts during ebe fiood seasoo and then manhandlcd up 
a stone ramp on to the plateau 100 fiset above the river. The pyramid of 
Cheops demanded the labour of 100,000 men for 20 years. And into 
U went the ingenuity and astrooomy of ceneuries. The perimeter of tfac 
four sides has the same ratio to the he^ht as the ratio of the cueum* 
ference to dx radius ofa circle. 

However mueh we may admire the pynmids coday, tbey were, in 
rh fir day, pieces of monomemal bombast, the self-gloriScation in stone 
of chose who were exploidng the fertUity of the Nile. By prodigies of 
musclc-effiut, men quanied and moved tbese great bulks of stone widi 
litde or no m<^rKa nifaT aisistancc. They went out and mined metals in 
the fnoiimraioi of Sinai and Nubia, less for the practical uia cban for the 
»"««*ing of ornaments and funeraties to the glory of the pricsts and kings. 
They took metals out of their geological tombs of natural rock, spetu 
laborious hours perfixdng vessels and decoradng them, and then buried 
them ^ain in die royal vaults of the pyramids of man-shaped rocks. 

In theory, die whole land bebnged to tbe Pbaraob. That which was 
consumaMe he kept tn his granaiies; dut which was imperishable be 
kept in his treasuries. He took the products of dse soil and rocks and 
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assigned a subctantul share to his oobility aad his priess. It is true thae 
like du Pharaoh of Joseph'i time he was supposed in his (hviac wtsdom 
and practical stewardship to store che prodocis of die &e yean to avoid 
tbe 4 inmca of the leao years. 

Tlu Pharaob not oiJy comtollcd d>c bodies of their peopfe but also 
tbeir sods. When Menes became tbe &rst gocMdng be did it by swaUow- 

ing up tbe totemistic dans, in whicb du sod of tbe indmdual had been 

identified with du animal whkfa was the totem ofhis dan. $0 a Pharaoh 

could coovince dum that by etuuring his inunorialicy, in the mag- 
nificeoce of his tomb, they were saféguarding thdr own sdves as wdL 

As H. G. Wells has pennted out in The Oudme of Histofy, "Tbese 
unmeaning sepukbral ^les of almost incxediUe vastness, erected in an 
age when engineering idence bad scarcely begun, exhawted tbe 
icsource of ^ypt... and le6 bet wasted as if by war.’ 

3. SLAVBS IN BCTFt’s NlOHT 

With greatet food-yields and widi greater lecurity &om pudy tribal 
conflicts, the population inereased. But, as in aO urban dTiUsatsons, 
dure were du contagions and infeedons of closely setded communicies 
which in part restrain tbe popdadon iocrease. 

In an age of manual eukivatioB dure bad aiways to be an »itwjo ste 
peasant laboui-force on the land As in later feudal anus in Europe, 
dure was a limit to du mobilisadons for mOitary or State woric vdxicb 
withdrew du dllets firom produeång {bodl Tbeiefore du ody way in 
whicb du wocfc-tbrce oflabourers, craftsmeti and, indeed, dalu, could 
carry out the Phasaoh's grandiose schenus and prodaim his 
wealth was by a system of slavery. This meant wais and fbreign adveo' 
tures. (Tbe sojoum of the Cluldrca of Israd in ‘Egypt’s nighe’ was ooly 
ofu instance of du sul:^iq(adon and transplandng of nei^ibooring 
peoples.) Foretgn adventures also brought new riebes in du discovery 
of new metals and new crafd; new spica and new cosnuda, exodc 
foods and fåbrics; and rare woods. But tbey abo reminded odw peoples 
that ^ypt had desirable wedtb itselfand cncoutaged dum CO redptocal 
conqucscs. 
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In the ebb and flow of soch wais through the Fertik Cccscent the 
stal^cy of agriculture was periodically u n dc rm i n cd. If populadont 
werc carried oC ot killed oC syatemi of irrigadon and cooservarion feil 
into decay, and disease and hunger foUowcd neglect. Even in the 
victoriout oountrtes, aucceu imposed a burdcn on the fanning economy. 
Slavet engaged on public worb (like the 100.000 contmuously employed 

ontheGteatPyrami^hadtobcfcdaadtheaoilwfaichhadtofecd thcm 

was restriaed within the valley of the Nilc, sincc detert agricolturc wai 
no feature of Egypt even at the beight of its enterpcise. In many cases, 
the slavet wete bcttcr Écd dtan the peasanis who nipplicd the provmons. 

Focinstance,weflnd KingSetilrecording dutbcprovided eachofthe 

labourert employed on building a temple with ‘4 Ib. of 
bread, 2 bundlet of vq^cabtes and a toast of meat daily, and a 6csh 
linen garment twke a moath’. 

4. TBB IMDUS CIVILISATION 

Over an atea foox rtm« thae of Mesopotamian Sumer prevailed the 
Indus Qvilisadoo of 3,000 B.C. le was bounded on the west by the 
mountaiBS ofBaluchitcan and Waråristan, on the north by the Himabyat 
and 00 d>e east by the That Deacrt. The artificial worid whkh wai 
crcatcd bete was ju« at impoting as thoee of Meiopotamia and Egypt. 
Cifi ft have becn unearthed whkh were just at la^ u ihose of the 
Euphratet or the Nik. Ibey wete built åf kiln-fiied, as disdnct firom 
tun>diied, btkfcs, and this pretutnes the availability of fiiel en a vast 
in an area which is now unditdnguishcd by trees. The ruins of 
Mohenjo-Daio in the Sind covet at Jeast a squaxe mik. Before the rail- 
way builden got buty and used the bricks of Harappa. 400 miles north 
of Mohenjo^ato, at baUast for the tracks, this Bronze Age dty had a 
drcumference of cwo and a half miks. 

Th^ ritifs were inuisdated by successive floods - those dduges 
whkh the eady ancients nevet suceessfuDy tnasicred. After caeh flooding 
die lowcr storeys of the houscs were filled with rubbU to provide the 
solid fovndations for the tesurgent cidesso that wbole quartexs now rest 
on artificial pladbtms over ao fi:et hi^ 
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toduidtieswefe»ttppocted.liketheoti»enmEgyptandi^^^ 

by tfae sorpluses of an industnoos peaantry coløvated graim 
tim ila r to those of Mesopotania bm widk the addidon of rice: and (beir 
domesDcated animali almost cettainly tbe zebo (dke 

'Bnhmin ox’, with us hump) and they are bdkved to have 
dephants. The camel and dte ast had not reached th^n from die Asian 
steppe lands. 

The Indus potten had tbe spinning wheel; dte smiths alloyed dn 
with copper to make bcaas into bronze. TIk weaven wodted cottoo 
bot not wool ot flax. The pouen discoTered »UtU in 

tbelr pots and vases. Their aaftsmen’s toob are qtnte different > even 

the axes, saws, daggen and spcazheads-&om dwse of tbe otber dviltsa- 
Qons and show an ind^enous growth and separate evolodon. 

They had catts with solid udteels and they had boats to move their 
goods around. They had exiemal trade - exteenal, that is, to the dtiea - 
by which diey obtamed their taw materials. Ihey got their deodar &oin 
die distant Htittalayas; their copper &om Rajputana and dn, gold and 
lapis lazuli &om countiia beyond the borden of die sab^condneot of 
India. 


5. CITY GOTSXNMBNT 

Munidpal amhority was well-established in the Indus dviHsadoo. 
Tbe stteets were beoad and weU-planned, with obvioui town>planning 
retCcicdom oo sporadk building. There was no obvioos royal hoise not 
grandiose templo^odecy. At Harappa tbe higgest hiiildtng is a com- 
munal granary, and ar Mohenjo-Daro there was a buge building but it 
gives no signs of baving been other than a conuniuucy<aitre widi a 
bitumen-ltned public bath. Houses tesdfy to ‘dass diiditctioni*, both in 
t bdf size and in the ornaments fbund, but they are soggesdve radier of 
the crafb^uild merchant economy of the Middle Ages than of a ruUng 
Dobility. 

Most impressive are tbe systems of drains. Always, wben oae cooitders 
the growth of ddesone dunks of die proUenis of sanitadoo and of con- 
tagions. Here, 5,000 yean ago, was a healdKonsdous pec^le. So mach 
so that the remains of the watec-boodis, wbete drinking water was sold, 
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indude buge spoil-heaps of brokea cupt, fu in excess of the catualtia 
of (he motc cardess dishwadien and strongty tu^adve dui tbcre were 
tauitary kwt which compclled tLe breakmg of these rough cupt. Wbca 
tomcooe bought a drink of wacer, cbc cup was thrown away like tbe 
paper cups of coday. 



Pictographic ml impcetdotts ftoca tbe lodai Valley sbowmg eeripe 
above du figure* (»ioo a.c.) 


Here wcte the societies &om which cmerged early literacy - a oon- 
veodotul scripc and a numerical system. The script was pictogtaphic but 
imlilce that of dsc civilisadoos which were its neaiese oe^hbours. Sumer 
and proto-Elatn. That ihey had arrived at maihemacics and science ts 
manifest in tfaelr decoratioiu - squatcs and cticles; aquates in circles; and 
drdes intetsectit^ with compass-dcawn ptccision. 

The iltustrativc nuterial still surviving stcoogly. tndeed inescapably, 
suggcsts rites and deities which persst in the practkes of modem 
Hinduism. aisd the &shions of dress m contemporary India are fore- 
shadowcd in the pre-historic art of Indus. 

Some catascropbc overtook those dtics of the Indus, bat thece is no 
doubt of tfaeir cultural acluevements oc mfloenoe. And there is always 
the quesdon as to wbether, after the dduge which overlaid early Ur widi 
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ei^t feet of riJt, the Uter Sumemas nuy not have be«a immigfantf 
from Imlm. 

6. THB HWAHCaO AND TANCTSB CIVILISATIONS 

With the reauim of Peldng Man to remind us that tbe ancestral 
creatures of Homo tapims had appeared tbat catly m the Far P««*, tt is a 
plausible argument that a coUatenl branch of the human race devdoped 
there and diat from it dcrived diSérentiated coltures. Certahdy at a åme 
wben the familiir Middlf Batfi»rn ing, mother 

qdte distioct cultute was ^reading out from whac b now die dry and 
desolate valley of the Taiim, beyoad the Pamus, and in cwodirecQons 
dowR the River Hwang*ho and down the River Yangtse. 

In the Eastem Stone Age. the people of Honan and Masehutia vrete 
alteady hving in viUages and had domestkated the pig. They used axa 
and stone knives and arrowheads of ilate, bone and mustel^shell. They 
had developed spinning and weavtng and had a pottery of the painted 
type whicb might suggest hnks with the coltures fårtber to the west. 

There need not have been thu link; when we are talking in terms of 
thousands of yeais, inventions can be spontaneous and their icsemblances 
are purely coinddental. But there b a likelihood of a fusion, in 
of two ptehbtoric cultural movemeots, one &om the north and ow 
from die souih. It b also possible that a stream of Iraniaa colture may 
have flowed east> and northwardi and made its contribution to ebe 
migration into the Ametkas. 

One interesdng Csuure in the Otinese development was theevidence 
dut they used knocted strings as their records, befbre tbe evolution of a 
wTitten langu^. These string 'ledgers' teappear, as we shall see, 
thousands of years liter as tbe ^pus of the Incas. Thb be just a 

coincidence - a spontaneous invendon in Peru - but tt b just as likely 
to be a throw-back co the Asian ancestry of tbe Amerinduns. 

In the third millennium ».C., according to Chinese legend, there were 
the Ftve Rings. If we accept them, tben, of comse, there must have been 
a cohesive culture of whkh they were the overlords. But in die l^ends 
they are such exemplary beings dut one suspects thai they are na 
example of the wbhful fhmkmg m whkh people indulge wben they are 
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gfopin^ in die miso of tbor Dawn History • Itke the BricUb fin<^ing 
tK«r superman in Arditir. 

The dynastics wbkh ame bter than efaese Five Emperon have cer- 
tainlymoirehutocical substance. To begmwith,China,like Stimer and 
Egypt, was aland ofdty-åolaus. Thegovenunent was at 6rst a conunoo- 
wealth of nuineroui ktngs wbo finally acknowledged a central emperor. 
The great dynasties of the feudal period were Shang (1,750-1,125 B.C.) 
and Qiou (1,125-250 a.a}. The bronze veneis of the early Shang peiiod 
are proof enough duc before chat Cluna had arrived at a high State of 
eukote. 

The unity which China posaessed under the Shang dynascy was pft>l>- 
aUy produced by the common threat to all the seeded peoples of fJitna 
from the prenures of the vigorous noinads of the Mongolian steppe*. 
Ic had also a refigious tanedon, for the Emperor, as the 'Son of Heaven’, 
becune a priesc-kiflg for aQ dK Cbincse. 

This was the China whkh had alteady domesticated the pig, developed 
the spolced wheel fiw chariots and established the oldest system of roads 
we ksMW in the world. The Shang dynascy had ics highway com- 
missionen. Tetracmg, laiid-cooservanon and irrigation were already 
well advaneed 3,500 yean ago. Confinnadon of this and of the fiset that 
die Chinese had become boa>bui]deti and inciepid snaiinen come* 
firom Luzon tn the Philippines, whete the wondedul system of rio^ 
terraces, coveting an arca of 250 s^uare sniles, is even by presenc-day 
standards a remarkable féat of engineering. They were fint built by 
immigrants from China in the second millennium nc. 

7. TBB OIIAT WALL OS CBtMA 

A popular revolt, with support &om the wilder tribes of the South¬ 
west, replaced the Shang dynascy by the Chou emperon. The impeiial 
des were loose and between the eighth and fourth ccncucies n.c. there 
were between 5,000 and 6,000 small States in the Hwang-bo and dse 
YangtK valieys with about a dosen feudal ptinces, nomitully answer- 
able CO ebe emperor but incessandy wairing between themselves with the 
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Hydro-clcetric powcrhoiijc. Kctuano, Britiih Colurabu bctng cxcavated out of solid 
rock, a quartcr ofa mile inside Moiint DuBose 


Aztcc pyramtd of Tciuyuca, Mexico 
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A skin diver, exploring drovrncd city, tccovcn a pi«c of Grcck ampliora 
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under tbc Nortb Pole fore- 
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war-loids of the one valley joining fbrca againn those of thc other 
Valley. From this emerged the confedentioa of thc nords, which tmclec 
Chow-iiang beeame die Tsm (or Ch'u^ dynasty, fiom which China 
takcs its namc. His great-grandson culed over an empire pracdcally 
idendcal widi modem China. It waa he who built die Great Wall of 
China which extends for i,$oo miles aloi^ what was the nortbern 
frondec ofhis empire. Its western end was. and is, in die deserts of Centxd 
Asia and its eastem end at the tea co the north-east of Peking. It is 
canied over mountain and valley, reaching in one plaeeaheigbtofovcr 
5,000 féet above the sea. The actual bei^ of tbeWall, ifurl«»<iin g the 
pacapet, is about 6fty feet. This tremendous undertaking muse have 
involved a divenioa of peasant labour, or an acqaidxioii of slaves at 
great as, or greater than, that for the building of the Egypdan pynmids. 

During die Chou dynasty diere emerged the period of the great 
philosopben - Lao>tse, Coiducius and Mendas. From those days dates 
the Chincse rapect for leaning. which has always given the schoUr a 
special place tn die social hierarcfay. The hteratore of that period - over 
a,500 years^o-shows rexnatkable insighe bito the dincdom and the 
carc of the human bedy, and a system of medicxne and of medical ethies 
mueh more advaaced than ooe dnds in many areas of out present-day 
World. 


8. APBICAtr CIVILISATION 

Around 3,000 B.C. the inhabitants of the condiient of Afrkaseem to 
have become diderentiated into many races and culnites. E^edal 
interese lies in the great variety and the genuine artistic merit of the 
ancient rock patntings whidi are widdy distributed in eave shelten 
throughout the tropkal forest bek as well as ta the Saharaa, Rhodesiaa 
and South A&ican regiøeu. 

from diere on, howerver, almo« to die present dme. the histocy of 
indigenous cultures becomes blnircd and mideading. The trouble has 
been dut prehistorians have been so preoceupted in revealing the andenc 
r>rig in< of Man in Africa that tbey have ne^ected the mteimediate 
period. A n odi er teasoo for our vagueness aboat ‘Black Afika’ is chac, ia 
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tropkal ronst bads, wood is die smictural and aitisttc materiaL It has 
aot tbe pcrmancoce of s»De or brick and, wben it rots, the ciOcural 
eridence b lost 

Moreover, we apply 'Aincan' more arhicrarily tban wc apply 
’Enropean' or ‘Asian’ bccause we accept the pronounccd duiacteristics 
of the Negro and lotget thac Alrica atso indades thac patt of the 
conooent nonh of tbe Sahara which produced tbe Egypcun and, later, 
tbe Caith^inian dvUuatioia. Bccause we ate stiD mcntaUy bampered 
by the 'Darkest Afnca’ concept, which derives from nineteenth-century 
explotets (livingstODc, Stanley, etc.), we forget dut thcre was a rliffiionn 
of cukures within tbe contiaeat and, accordtng to some indicatioos, 
between Africa and the Folynesian Islands. 

And tbere arc still uaresolved confusions about the Hamidc and 
Semitic rdarionshipt with the Bantu. It scenu ccrtain that du original 
Hamitic people spread over North Afnca in an early epoch and buer- 
misgled with the Negroes. In other regions, havtng secured thrir 
fupremacy, the Hamitcs maintained thcir superiority over the Bantu 
and establithcd kingdoms in Riunda Uruxtdi and in Uganda. The entry 
of tbe Semites b equally vaguely daced, but chciT migration into wbat u 
now Ethiopia was at its pedc aboot 500 8.C. Over 1,000 years later, the 
Sendtes, in the fonn of the Anbs bringing Mohammcdanum, spread a 
profound mfluence over north and east Afnca. 

Thcre u a missing cultunl Imk in Africa south of the Sahara, assodated 
with the assumption (which has becn fostered by racbm) that 'blade 
Africa* st^nated until changes wece triggered olT by European in- 
ducoccs. What b true b that, leaving out the dfocts of slavery which is 
esdnuted to have rohbed A6ica of 100,000,000 people, the ill cfTects of 
modem influences wece exaggetated in Africa bccause thcre bad, in 
general, been no sysiesnatic emergence from the hontuig-food-gatbering 
stage, through the food^owing stage, to the coUeedve commuaicy. 
Sodecy coodnued ttibal, hunting or pastoral, and in resccictive balance 
with nature. But the reproacbfol gaps in Afrkan hbtory may gradually 
be filled by sucb chings as the proper interpretadon of tbe Saharan rock 
paintmgs in which the wheded plough appears alongside the girafie - 
in an add regkui where the girafie does nor now exist. 
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9. KON-KIVIKINB CIVILISATIONS 

Contemporarily »that is, plus or minus centuiies - with thc growth 
of ibe tiUer^viUsadoni • the ddes whkh grew from the culdvadon of 
the land - dure aiose diÆrent types ofcoiximuniiy in otber parts. One 
snight call thcm armed trading cenoes. For example, in the inouniams 
of Asia Minor the land did not lend itxlf to die kind of extenshre culd- 
vadon from which the urban ctvilisadons grew in the alluvial 
But diere had been eaHiei Ncoliduc eommunides there, self^uÆdent as 
to food, but also with access to raw macertals. to metals, etc-, and they 
had become eommunides. As a result of one aedvity or anodier, new 
centres ofdvilUadon arose on these ‘barbarian' Wa ti on s And. of couik. 
each of these Bronze Age cownships became iesdf a new centre of 
demand which made itnpact on a widening hinterland. Urban arts and 
crafti werc superimposed od the Ncoliduc mountain cultures but did 
not obliterate tbem. The cultures were adaptadons of the g»icring 
envtfoniiKnt and different ftom those of the alluvial valleys and (anodset 
variadon) cicies along the coasc of die Meditcrranean and the Persian 
Gtilf devcloped inco ports. 

10. BYBIOS 

On the Syrian coasc, for instance, there grew up Bybios, which Sir 
Julian Huxley contends is the oldest condnuously inhabited town in thc 
World, &om remote history to the present day. There, at the present 
dme, is to be found the evidence of settlements well befoce 3,000 B.C. 
Befbre the Egypdan gatleys came across the 'inhospicable* sea over 
5,000 years ago. Bybios had already eidsted for ccnturics as a community 
of hshers and fiumen who culcivated olsve trees as well as barley, and 
bred goats and sheep. Byblos was the best port for die Lebanon lumbec 
tiade. The woods from die fbreso - cedar and ftr - were floated along 
the coascs on great rafts to supply woodless Egypt. 

Before Bybios became viitually an outpost of Egypt, it bad already 
exerted powerful inUuence as the chief oenere on the Phoeniciaji coast 
of the cult of Ascarte and Adonis. Astarce was the patron goddess of 
ByUos while Afqa was sacred to Adonis. The Iq^d of the cwo 
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divinities is £scailår. Adonis, dic youthful mascuUne god who originally 
spcang firom a trec, was loved by Astarte. He went offto the hunc and 
was biled by a wild boar, and tlie cult depends oa tbe lamentacioas of 
tbe goddcas wbo evetuually aecured Kis release from tbe undcrworld. 
Wich the kgeod vrent an eUborate ritual. The cuk. ofcoune. is a variant 
of tbe legetids and magic wKich one finds tn all parts of die world 
detivii^ from the agricultural mysdciam of Neobthic times. Asiarte is 
the mothecogoddcB symbolising the fércility of nature. Adonis bom of 
a ttee is dx matailine principle oceded to fertilise tbe feminine element, 
but be u abo tbe crop which withers in the summer but gtovrs out of 
the dark soil again in die spring, h a way, his being killed by a vrild 
boai eyempljfies the stniggle betweeu the fbod-gacherer and animal 
nature. 

On the tite of the original tempk of the local dcides was buik a great 
monumental temple by the Egyptians. It measured over 90 x dj fret 
of ricbly adoined and sohd masonry. The Pharaohs sent to the shrine 
stooe vases and otber ofrings insoibed widi thetr names. Egypdan 
ambassadors, of&ciab. derks and mcrchants frequented the temple. The 
nadve derb were sent to be trained in Egypt in hteroglyphic writing 
and, in cxchaogc fbi tbe cedart of Lebanon andolives and dyes, fiyblos 
received, and acoepeed, the elements of Bgyptian civilisation, roanu- 
factuted aitides and com as well as writing. (We must remember tbat 
‘Byblos* gave us the word foc Bible, or book. This reminds ui also that 
all die elements of writing in faet came to us from the Middle East - 
pens, ink and paper - tbe last term being derived from papyrus. Bybios. 
for tbe Grecb, was the source for diis poper and the origin of the rolU 
which became our boob.) 


It. CYPSUS 

In the same way Cyprus gave us our word foc 'copper'. The wealth 
of metal cools tn the Bronxe Age tembs of the islaad shows dut specialist 
minen and suiida exisced then. But neicher poctery not any other craft 
had appaicndy come into local being. Nor are tbere any forciga craft- 
pieccs in the tombs to indicate thac tbcy got finished goods in tecum foc 
tbe erude ingots or ore which they exponed. 
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U. CIBTB 

The Ncolithic farmers and fUhcn of Crete wete joined about 3.000 
8.C. by refugees from the Kile Delta, and fresh colooists 6om Sytia. 
bringing with chem »orne of the tcchnical and artutic traditiona of 
Egypt and Asia. In this way they acqoired tbe culdvatioa of ohves and 
in rerum they traded the advantages of the exploitation of dsc isUnd’s 
natural resources in timber, copper and shelU for dyes; they wete pro* 
ducing an exporuble'surplus. Tbe island's geographkal posidon 
between Egypt, Asia and the mainland of Greece and its supplies of 
timber fer thipbuilding esuUed Crete to bccome a ttading natxon. Ti t tle 
townships atose even on tiny iskts whidi themselves were destitute of 
land to support a local cultivation. So they wete essentially craft town¬ 
ships. Craftsmen, tradeit and tea-captains bccame rich eoough to acquire 
ornaments and to create a wcalth but tbere is no evidence tn early Crete 
of an aggregation of wealtfa. CoUeetive tombs were crowd^ with 
skeletoos and quite richly fumished, but tbey were the communal bury- 
tng places of the dans and not merely of a nobility. Stone and 

obei^D knives wete still used »de by si^ wida metal took and weapoQs. 
But they were depetsdent on trade. And the Minoan dvilttation was 
based on trade. 


13. TBOY 

Farther north the litde islands scatteted in the helt across tbe A^ean 
had nothing to ofTer fårmets but they possessed marfcctable resources of 
copper, of emery, obsidian and matble, wlucb coold be quartied or 
mined and cxchangcd for fbodstuffi. $0. even in 3,000 V.C, they were 
thickly populated by peopte who worked metals. From the evidessæ of 
their graves they probably bad a secondary trade - pincy. Tbey bad dis- 
covered not only the secrets of commerce and industry but of maktng a 
livmg by stealing from the dties with a surplus wealth. 

Some of chese dties acquired wealth purely by piradcal commerce 
under leadership o£ military chiefi. Tbe dty of Ttoy made fåmou by 
the epia of Homer began as a foctified bamlet or dtadel barely one and 
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a kalf acres in area. It was iiominated by thc chtd’s £b(t. In orne it 
cxpanci«! dll what the arcbaeologists call ‘Troy D* covered nearly two 
acres. By now its acquixed wealch had attracted to the dueftain’t coort 
potters and goldsmitht trained in the Asian »cfaoob and skilied in fil^ree 
wock. Trade and plundec secured for Troy suppbes ofcopper. tin, lead, 
silver, gold and obndian, as well as manii&ctored luxudes. This wealth 
was maniiéstiy concentrated b the personal crcasury ofa pctty war duef. 

14. SBA-6OIMC CIVILISATIOK 

Tbus oo the Levantine coast and in the mountains of Aila Minor there 
devdopcd communities like Troy which had a difiércnt character from 
those which had grown basicaDy agriculture. Tbey were eithcr 
mining or ctaft coirununidcs widsout adequate culdvation to support a 
growing population. Thercfbre they bccame war-like advcnturcn or 
sea-traden. The peasants of Macedonia, mainlaod Groecc and the 
Daoube area began to bejoined by Asians and ialanders already accos- 
tomed to metal toob and weapons. All around thc easteen Mediter- 
tanean macinme cultures aiose in which the lu h sis t e n ce economy of 
baxbatbm was tempered by industnaiised ipedalisation and commcrce. 
In tbeir special chaneter ihcy built up new tradidosu of seamanahip and 
geographical lore and transmitted to the developcd dvilisadons kcow- 
ledge of new l«nA« , mat fr iah and techniques. These communities thess 
serred in their tum as tsew centres from which civilised ideas were 
difriised wettward and northward. East Mediterranean rrunufåetures 
were transponed as får west as Sidly and Malta. They aho expocted thdr 
religious cola as weU. 

15. SUPBESTITIOKS FOK IXFOKT 

Professor Gordon Childe bas snggested that it was thc expott of 
supetibtioo and ritual from the Mid^ East which induced the peoples 
of otfaer parts to become the primary producers for thc Eastem Mediter¬ 
ranean. tie points out that in Sardinia, south-eastem Spain and Portugal 
they mined and smeltcd local ores of copper, silver and lead, and they 
built tombf mon or tess on the same gesseral plan as thosc lucd fårther 
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ose. Bue thetebliitleevidcnce that theyacquircd very nulcb in tfaeway 
of materialt in return. SdO fåtthet ebe great &mily vaults 

!ike the bairows and chambered cainu of Britain are scattered along tbc 
Adantic co«st of Portugal, Ftance and the British bles. and across the 
North Sea, in Demnark and souchern Sweden, and tbey are regarded by 
one scbool of aichaeologistt as clumsy attempts to copy the Spanish, 
Su-itian uid Cictaa tuDeraiy aidiicecturc and to refiect, at seoond hånd, 
as it were, (he beliefs of the Levane. 

In central and north-westeni Sorope the contaccs wich the tråden had 
incrodoced primitive sodeties to superior weapons. Tbc possesåon of 
these weapons had in tum created a ruling class which could oppress the 
peasantry and compel it to produce surpluses. Tbe necessary technical 
knowlcdge for the development of arms of this kind reached central 
Butope, via the Danube, from Troy and probahly came to Britain from 
Spain. Hungary and Cxechoilovakia, Ireland and Comwall could tupply 
tlU copper and tin which was needed and the crading links extended into 
Oeiunaik, northem Germany and Southern Sweden. A regular trade 
in metal linked op the wholc of central Europe from upper Italy to the 
Hartx Mountains and from the Vistula to the Rhine. With trade went 
piracy and the power of armed men to imptess their will upon the 
agricultural popolations. The contact alto tnerodueed the sea-going 
peoples tooe^ and better-ofifeountries than tbeic own. This, of course, 
is tbe story of tbe Scandinavian Vikings. 

The irony of this ‘commercial imperialism' was that ptesently the 
batbaric people to whom the Middle Eost bad introduced these rehne* 
ments of armaments themselves began to press upon tbe dviliscd wotid. 

The age-old stniggle between the nomads, the Som of Abel, and tbe 
tiUcn, t^ Sons of Cain, was now cxaggcrated by the pressures of the 
tnetahworking Wfbanani on tbe conununiciet which bad acquired 
wealth and culture from the culdvation of tbe soil. 

At this point at tbe essd of what u callcd *The Bronze Age’ we leave 
what u cdled the ‘Old World’ to ask ourselva how old, in faet, the 
‘New World' is. 



'Sut £ot tbe Pyrainkb no tcMon bu ever been givea 
•dequatc (o ibe cott and hbcntt of dw wwk. Tiis 
narrowne« of tbe cbambcn prov«* tbat i( coold affotd 
no Ktteet from cnenua. and ticainrca might bave been 
tcpoeitedatfarlesexpeoMwith equal iccudcy. Iticcim 
to have been crected ccily in cootplåince wiih (faat 
hunger of imaginatinn wfaich prepi ineettuiidy upon 
life. and munbe alwayi appeuedbyionie emplo/ment. 

Thoee who have ålready all that tbey cm e^joy, miut 
cnlargc tbeir dearea. He tb« lua built for OK, tiQ uie fa 
luppUed, mult begin to build for vmicy... 

JUMcf«. fMrKt4r.d>ysAMbylAMUBL JOHMSON 

I. TRB AMtBlKDIAMS 

Piddng ap the thrcads of the itories of che tncai to the litnature 
whidi wc call ‘history' u like reading a ma gavini« in a barber’t shop. The 
la$c iofealmeoe u there but the previooa issues are mming and the 
synopsis is very vague. The scene is aheady set in all the magnificcsioe 
which exdted the greed and envy of the Couquistadores but. io the 
absence of the back numben. it u obvious that this wealth is ooly the 
superficial maniléstation of» dviiisation deep-rooted in the past. 

The chaneters are also confusmg because the ‘heroes’ ate the villaim 
and tbe ‘villains’ are the heroa; Pizarro, the European, whose warrior- 
courage we are cs^ected to admire. b a ruffian compated with tbe Inca, 
Atahuallpa, die living Sun God. The tngedy b wrought to its brutal 
concluston and we are lefe speculating. even at ekb day, abooc an 
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lodian culnire ofwhidi die Incas wcre a late fii lf i lmen t. 

Iw the rest of che story we have to go to the archacologists, still 
gtoptng for thedoes which the Incaa themselves deliberately smudgcd. 
Tbece is no writtcn record of any stage of the Pan-Pctuvian ladian 
calture except that of the Incas gathercd by the coaquecing Spaniards 
from observation and hcarsay. Yct the Inca phase. which extended 
geographkaUy over Ecuador, Peru, Bolivia aod the north parts of 
Aigcntine and Chik, lastcd only 300 years. The Incas themselves had 
not, in out scnsc, a written language. Thcre werc no ‘talking stooes’ 
siuhas the Mayas had in the Yucatan or pictographs like the Aztea’. To 
mainnin (hcic dxvine origin and to ptove that civilisation began wiih 
the Incas had deUberately supprcssed the spoken tradition and 
coRsigned xbåt ptedccesson to the oblivioo which thcy themselves 
have sufrered but for the industrious Spanisb clerks, who tn their 
Ic^gers of loot added thdr footnotes on a peopk. 

Only the artifåcts of the pre>Incas‘ culturcs can help us and tbey are 
cloqoent in theif tesdmony of the skiils and iogenui ty to which the Incas 
themselves wcre the heiis. Ihbrics, tmcxcciled in their desgn and 
meihods ^wnving. have survivcd for untold ccnturks in the tombs, 
wbete dK dry dlimate has prcserved them. ExceUent crafrsmcn, in that 
hid dr" past, made dccorated pottery without tbc help ofa pottei’s wheel 
and produced ornaments in gold and silver and copper, and master- 
p Kfin of masonry. But even the recotds of tbc tombs and the buxied 
resnaint of their matcrial culture tantalisc the seckers, for thcy give littlc 
help tn dadng. There are no cakndan or coins, no parameters of time 
by whidi the various epochs can be sutely 6xed. Thexe are tbc qmpus, 
the knot-string records, but they are mcanin^ess without the pro> 
frtciiwal ‘cememberers' to whom done Aey were meaningful - hke the 
secretary who makes benelf indupensabk bccaus e she alone knows the 
hlixig system! Perhapt with the help of carbon I4wemay getamore 
systematic time-appraisaL 


3. PAK-AMBSICAN PANTBT 

But before wc go bade and try to trace the or^hx culcuial 
evolution of Ae American Indian, let us retnind ouesetves ooce again 
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dut all dviluadons derivc &om agriculture aod tlut more fhan Wf the 
foods the World eats today was first culdvated by the TnAan« of the 
Andes. From tbat regioa came maize, in twency variedes; poutocs in 
cwo hundred variedes: sweet potaioes; yams; squash; many types of 
bean; manioes; peanuts; casbews; pineapples; chocotate; avocados; 
tomatoes; peppen; papaya; strawbenies and blackberrks. Some of 
these may seem surprising because they have beea domesticated for so 
long or have run wild in other parts of die world dut we forget 
American origin. Yet it is not really strange dut the lands of the west 
coast of South America should have been the plant nursery for most of 
the world. Ladtude is compensated for by ddtude. Tlut b to say, 
clinudc condidons vary from the tonid lowlands to the high cold 
slopes and plateaux of the Åndes, to dut the planis at varying dntudes 
oould be acclinudaed in couatries of difiérent ladtudes. The universality 
of the pocato b an cxample. In Peru pocatoes grow, tn dtdering vatiedes, 
irom the blbtering Coastal lands to as high aa 15,000 iéet. Thus, in terms 
of temperature-adaptadon, they caa be gcown in countnes from the 
Equator to the Aicdc. 

3. TANCIBO TBRBAD O? COTTOH 

Cotton b one of die world's great mysteries - pardcutarly South 
American oocton. Cotton did not enter the Mediterranean undl the hfth 
century B.C. The fint autheutic proof of ics u*e in Egypt b 370 b.c. fieibre 
this it had been known to die Assyrians as 'tree-wool' but the Baby- 
lonian aod early Greek names disclote an Indus origin. Tlib b confirmed 
by the discovery at Mohenjo-Daro (2,500 to 1,500 B.c) of a culdvated 
species for which diere has never been found an ludus Valley wild 
species. Yet its precursors, in die wild State, ate found in A&ica and 
Southern Arahia. Here die quesdon ariscs, was the culdvated cotton 
taken irom the Arabian Penbuula into the Indus Valley long before 
2,500 B.C.? But, wheo we tum to the South American cotton, we ate 
coniironied with a natucal le^rdenuin' whtch completdy baffles the 
{Jant>detecdve$. There, in Petuvian graves, which, with all the im- 
perfeedons of dadng, cannot be younger tban 2,000 B.C, have survived 
beautifuUy woven &bries from cotton fibres of highly advaneed euld- 
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vadon. Bue - aiul thit u the aurl in che tkeui of cotton • cheie is every 
RSJon CO bdiere chat this was cocton of Asian origin - cocton wfaich in 
in baåc fonn had gone &om wesc to east ønto Anetica) and tater, in 
in tetrapkiidal form (whidi means chat in bane number of chromo- 
yvnyr« had been doablcd) had recrossed the Pacific into Asia. Tbis 
rerene kasc 4 cad is bewildering, yet one gatben fiom the experts, in* 
escapable. But bow? 

Hie gUb answer would bc ‘Birds*. Apart. however, firøm the dUtanæs 
inrolved, bords do not eatCenyptwnteeds-seeds of cocton. Norcould 
thr winds hare earried them over 3,000 miles. The other strange posn- 
bility, which execeds cren tbe iin^;ination of Heyerdahl s Koa-Tild, 
wub in rafi »wL-nwit of Polynesia by South American Indlåns, is chat 
some anccstral men migrated fiom Asia into South Americ a with tbe 
ekmentary foem of cocton and then, many diousands of yean tater, 
other intcr*heniispheric nomads moved back again to the Old World 
whh the sophisouted tecraploidal fonn. Ic stiains the imagination but 
it is anybody’s goess. 


4. CONTIKINTS AOXIPT 

Hiis raises tbe whole question of Mau’s sefdement of the Western 
Hemispbere; and, indced, of the origins of the Americas. No one today 
li^ttly a$ might have been done even a generanon ago> die 

Wegener Theory of Condnennl Dtifi. It bas been rescoccd to respectar- 
bilicy, if not to complete accepcance, by tbe studies of rock magnedsm. 

The Theoey of Continental Drift, propounded by ProCssot Wegener 
in 1913, impiies diac die land^mass was ooce coberent - a rast istand > 
and chat it broke up. The ftagmenu became, as it were, rafts of stal (the 
uppermosc layer of the eaith's aust) fioating 00 the heaviec underlying 
sima (die layer). Wcgctwt’s idea had at lease a supetficial plausi* 
bibty to inyOM who looked at a map. 

If, beariog in mind wc arcdealingwidia globe and nota flat Mercator 
projeedon, wc fiet out the outlines of tbe coodnenn, we will find that 
tome of cliem fit rery neacly togetber, like the picccs of ajigsaw puzzle. 
For tbe bdge of Bratil fin widi great exaetness into tbe Gulf 

of Guinea in the condnent of Aftica. Fittmg the Nordi American con* 
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tinent back into Europe u not quite so simple. But Wegener 
witb reasonable JusdficaQon, thac tbe brcak-up had b e«*« Hke dut of an 
ice fidd in whicb die flæs would not only separate but would abo be 
Ukely to swii^. If onc accepts duc, then one tnight agree dut the 
positions of tbe Spanish Peoinsula and Newfoundland might have been 
sufiSdendy distortcd to explain the diÆculdes of makicig tbem fit. In 
the Axctic, however, tbe Canadian archipelago. Greenland and Spits- 
bergen are all pretty consUcent widi the idea of land-floes hreaking up. 
Moreover, if ooe extends the Caledonian formatioo of the Scoto^ 
Gnmpans and of Wales, one itnds a plaunble moformicy widt the 
Appalachians in the United States. 

In the east and soiith the fitting togedicr becotnes even more in- 
ttiguing. If Madagascar is tueked back dotely to the condnent of Africa, 
and we assume thac Australia twisted away, the Australian Bight can be 
made consistent with the configuradons of South Afiica. But even when 
we 'dghten up' India, Indoaetia and the rest, there is soli a gap - a 
missing piece where the Indian Ocean b. Ifi however. ooe regards the 
Scotia Arc (die Falkland Islands and the South Sbetland Islands) stxetch- 
ii^ firom the tip of South America to Ancaredca. as a hinge, dien the 
Anearcdc condnent can be swung. very nicely, thank you, into the gap. 

Perhaps h was because tbe jigsaw seemed so simple, so unsdendfic. 
thac du Wegener theory, in spite of the professor's reputadoo, was nor 
treated witb as mueh rcspect as it might have been. It has been the 
subject of debate and indeed division for a great many yean. But recent 
developtnencs in the study of rock-magnedsm have Icnt very influmrial 
si^ott to the theory. 


5 , TBI WANOBKINC POtE 

When sedimentary rocks have been laid down in the varioos epocks 
of various geologicat rime. the ferrous crystalt in the rocks were 
orientated cowards tbe poles > the crystals becamc like magnetic oeedles. 
Tbe study of diese compass*p<wxcef3 in the rocks over tbe past few years 
has produced surprbing results. In sucoesåve layets, in du rodes, the 
crystals have ckanged their direedon. By plotdxig these direccions it u 
possible eo determine where tbe tocb were in relation to tbe magnetic 
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poles when the rodes werc bid down. Judging by tbe results, however, 
Ae doxA nugnetic pole, foi instance, must have migtated from some- 
wbere tn the r^jon of wbete Japon is at tbe moment to its present 
position somewhere in tbe regjon of the Prince of Wales Islands, norA 
of the f*-anailian munland. By the same token, from rocks in Ae 
Southern hemisphere, the souA magnetic pole must have been a vagrani 
atso. 

To st^gest that the magnetic poles have shifted might also imply Aat 
Ae geographic poles have shifted - Aat is, Aat the asds of the ear A itseif 
has vai^ That b mueh more unlitely Aan the altemarive, whiA 
would support Ae Wegener Aeory, Aat Ae erust of Ae carA itseif has 
danged in rdadon to the polet. That entst. Ae skin of tbe earA's 
sutfiiee, wbcAcf inta« or txfted, rou« have rooved, »tbat it was the 
laiuhinasses and not the poles wbkh were cxeejAig around. Since Ae 
tun must have remained conscant in rebdon to the equator. Au idea of 
movement would give a consbtent cxplanadon to Ae prevailing 
mysteoes of how you can gct coal from primeval tropteal forests m 
EOesmere Island Arctsc. Coal deposits oceur timilarly m Antarctica. 


The Drift Theory also provides a rational cxplanadon of 

tbe fflountain systems of western NorA America, Central America and 
SouA America - Ae Rockies, Ae Sierras and the Andet. Thote great 


upArust ranges eould m 6« be Aa bow-waves of Ae ri«/ puihing 
against tbe ccsdstance of Ae sima. And Ae Aeory b also very accommo- 
dadng when it comes to problems of the diHusion of plant and a nim al 
i pffifT . 7 <H >l og i ffy and bocanbu have always bad to look £)r 'land- 
brises' to account for Ae Aversificatioo and similarides of plants and 
ocatures widely separated. It would, for cxample, account for the 
diilérentiation of Ae animah m Australia - the marsupials, which 


deveSed Aere apparently after Ae conttnent was separated from Asia 
and Africa. It mi^t even account for the presence of elemental cocton 
in SouA America. Unfortunately it does not solve Ae furAer riddlc of 
how that cottoQ was rc-transfened to the Eurasian Und mass teparated 
bytiiewtdAofan ocean. 


Thu land movement, iftt happened as Wegener tuggested, must have 
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happened long befoce Home sapiau got his urge to travel or i fidwj 
befoK he extsted in terms other than those of hå timian anceston. The 
elieory could take care oftbe South Americui monkeyt, akm to, bot dif- 
ferent&oni, theic Old Worldteladves; but to aoeoone for Ma» in thewest- 
em heniitpbere, it would have to assueoe a tepantecreadon. That b to un- 
Ukely at to be roled out and, anyway, there has neva been any evidcnce 
in the Americas of anytbing to encourage the tdea that Ham sapims, or 
his alltr ega, evotved tbere. Indecd, there hat nevet been fbund anywhcre 
in the Americas any evidcnce of Palaeolichic industry, althou^ die 
excavaciont of the campus of tbe Universicy of Alaska have tutned up 
toob like those found in Neolithic stations in tbe Gobi Desert. Odier 
stone implements, defined by arcbaeologbts as ‘Folsum Cultore', oceur 
in coojunction with remains of exdnct bison at sites in Colorado and 
New Mexico. Far to the south, in a cave on the Southern dp of A^cndna, 
tbe evidence of an exdnct sloth is mixed up with tbe tools and redise of 
men who bunced and ate an exdnct type of American bone. (Remember 
that it is generally assumed that the horse was first inttoduced into the 
western hesnispbere by the Spaniards.) These human vesdges, however, 
do not have the andquicy of Geologic Man in Europe, but Man may 
well have come to America between 10,000 and ao,000 yeats ago. This 
de£nitely assumes a land-bridge between Asia and America, and the 
lacer migradons of the Eskimos, which can be damd back 4,000 yeats, 
show pietcy deaily wbat that land-bridge was. They crossed the Berii^ 
Straits via the Aleudan Islands. 

6 . OBlCtNS or TBB INDIANS 

It b £drly obvious bow they came, but wbece did they come from? 
The immediate aiuwer is, ofeourse, 'Asia', since they crossed the Straits. 
And. in broad terms, they would be described as Mongoloids, but in the 
gceat geographic ^an, from Alaska to Patagonia, the American Indian 
shows a great diversicy. It ts easy to describe tbe Fakimos as ‘Mongoh* 
bccause of tbeir phydcal appearance which u indbdngubhable from 
rhat of tbe Cb'vkehi, fhwr neighbours on the Asiatic side. Tbe C b uckc h i. 
in tum, are recognbably akin to dtinesc. Japanese, Burmese, Tibetans. 
Siatnese, etc. While the American Indian bas the pigmenadon of skin, 
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luir form and fådal size of the Asudc Mongol, m genen] be la^ other 

duractenstUs by whkb we idenofy tbe Mongol Tbe fold of the eye, 
for cxample, is not conspicuoos in aay of che fodians soutb, onc 
say, of ehe tree-line. Nor is die hawk nose of so many of the ln^i»n 
tribes. howerer, Asiatic in tbe Pas Eastem sensc. Tn d<^ . it has bsen 
ide nt i fi ed wick tbe types of tbe Iranian plateau, wfakh, as we have 
was mherently Aryan in character. 

Otber types of Indian have been identified wiA die Egypdans. For 
cxample. tbe Arizona basket-maken and tbe Coabuila cave »Vnll« 
reseinble %ypdan aania. This might suggest exdting posåbilides ofan 
Atlantic iCm-Tiki and an cx{danation of a kind of a&icy between ehe 
Aztcc and Maya calendar systems and tbose of the Nile Valley. Tbis, 
however. would be an extravagant assumpeion. Tbe trans-Adancic sea* 
migration is to implausible thae it can be taken for granted that any 
movement was by a ‘long-haul’ across the continent of Asia. It could 
suggest duc in pre- 4 ustoric Indian ciines there was a conunon origin 
with tbe Bgypnans in a Eutafiican Mediterrancau type. The Pecos 
Indlåns have been described as *pseudo-Negroid' and tbis term again 
goes back to remotest htstory and was not in andapadon of tbe Afocan 
migradon in tbe slave txade. Amerindian types have also been idesidfied 
with che Dravidians of tbe Indus Valley. 

Anoeber actempe to idendfy tbe American Indians, both North and 
South, with a spedfic racial type was tbe temporary cult of the O biood 
group. At one dtne Idood grouping, now such an in^rtant feature in 
Uood ttansfiisioo for medical purposes, was supposed eo baw estab* 
lished the individuality of the American Indian as belonging invariably 
to group O. Tilis group lacks tbe a^lutxnogens A aiid B. The fim 
samplings gave a 100 per cent of group O for various types of Indians. 
This would have suggested a onicy of tbe American race - an immigra* 
don of one common stock, but it was bewildehng because of tbe 
enormous difiérendaetoo of physical types mantfirsted in tbe Indians of 
tbe Americas. Tbe prevalcnce of tbe B ag^udnogen in Asia and its 
hercdicary dominance over the O-gtoup with its abseaice of agglu- 
tinogens was explamable only on tbe assompeioo that both A and B 
cbanges in the biood gtoups appeared in Asia subsequent to tbe migea- 
doni of tbe Ametindians. In latec surveys it was found that the ‘ 100 per 
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cent O’ wxs fpurious. Tbe fim B group was fbund amoog cbe wcscern 
HieD a tiigh petcenuge of group A was found among che 
P b c kft cr axtd later only aj per oeat of group O was fouad in the 
Ceraga hiduiu of Brazil. Later, when metbods were deviscd for tescbg 
the biood gcoups of mummified dssiie, it was found that all four of the 
biood groupt appeared in Penxrån mummies. It was dien obvious that 
the predominance of group O in American Indians bad no clear bearing 
Qpon che question of iinicy of die American race. 

In cbe sum, aD dut has been discotrered has sbown not a unicy but a 
dtversicy. Over the common bridge, and in the course of uncounted 
centuries, indeed, nuUesmia, successive waves of immigrants cntcrcd and 
sptead over tbe cvro cootmcnts of Anterica. They bad obviously been 
J^tering actoas Asia and bad addcd to ocber charactcristics • Eurafrican 
or Dravidian or Iranian - traits which they shared in common wich tbe 
Mongols. 

Thdr jouineys and difiuswns did not stop undl the whole besnisphere 
had been traversed and oceupied. Peerified footpeints of tbese eariy 
peopla have been found beside the peciified fbotprints of bison in 
Nicaragua - tbe bison, wUch became extma thousands of yeacs ago. 
In Bra^ and tn Ecuador similar impeints are found and right south to 
tbe tip of Patagonia. Tbere, in che cave called PalU Aike, in cbe cratei of 
aa extinet vol^o, have been found tbe boncs of the sloth aod of excinet 
horses, along widi che remains of the ancientlndiaaartifåccs bclonging 
to periodi widely separate in time. Thote Patagonian retnains are 
estimated to be between 3,000 and 5,400 years old. 

The sptead southwards may have been, in part. due to tbe pressures 
of waves of inunigrancs. But, in the main, one can suppose tbat wbat 
compelled tbem fim to aoss the Aleutian bri^ (rom Asia, then dowo 
throu^ the cocridor east of tbe Rockies and into the gieat plains and 
finafly into tbe jungles South America, was just that impulsive u^e 
which today pushes men from this eaith onwards to che mooo, to cbe 
planets and to che stars. And in che cooise of thousands of yean they 
changed cheir ways, some drasDcaUy, some scamly at alL Some were 
cootenc CO remain hunters, hke che Indians of che Prairies; odiers became 
setden and (bnned their pueh{» villages; and some went (brward into 
advaneed culcutes, like the Mayans, the Toltea, the Aztecs and the 



locas. Sotne degeoented to become, or remain, tbe primitive tribes of 
the Equacoml jungles. 

At the time of the discovery of America, the tota! populadoo of 
Indians in both North and South America was periups chirty millioos, 
although whatis DOW the United States contained onlysome t,ooo,ooo. 
Most of the North American Indians were still hunters. Tbey consisted 
of over 600 distinet soåeties living ondet conditions tangiag &om the 
warm coast 4 ands to the Arcdc ice, Irom the Hotida swamps to the 
firozen tundras, &om the Atlantic woodlands to the Western deserts. 
They were ‘undvilised' ooly if we identify civilisation vrith nueeriat 
culcures. In general they were etvUised in cheir relations with rach other 
and in their recognitson of the innatc human and spiritual values. 

7. TUS CONPBOBRACY OP TUB PINB 

The most important Indian gtoupii^ on the continent north of 
Mexico was the Confederacy of the Iroquois. In the subseqoenc exploita- 
tioo of the Indians and of their lands, white men had to jusdfy cheit own 
cruelcy hy condemning the savagery of die Tndiant AU brucality is 
relative. Indeed, we mighe remind oursrives duc ‘savage' came &om 
the French ’sauvage and meant merriy *the woodland poople' uatil ic 
became coonccced widt brucality. The Conicdetation was one of the 
mon enlightcned institutions probably dtat the world has ever known. 
It came inco being some txmearound the middle of the sixteench century 
- fifey yeats afcer Columbus discovered America, or abouc fifey yean 
before the jflrst settlements of die White Man. Ic was a league of five 
cribes, (he Mohawk, the Sencka, Onetda, Cayuga and Onondaga. Ic was 
btoiigkt into existesice to reoounoe war as betweeo the cribes. The code 
of the Confederacy read: 

Tlie Confederated chic£i now aprooc the tallest pine tree and into 
die cavicy chereby made we cast all weapons of war. Inco the depths 
of the cardi, deepdowninto the undcr^arthcurrencs ofwatcr,flow- 
ing to unknown regions we cast all weapons of stri& We bury chem 
feom right and we plant a^in die tree. Hius shall the Gteat Peace be 
establisbed.' 
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The peace aimi of Con&deiacy wcie univemL Any Indian oa thc 
fnntiriCTt couU cntcf thc CoQ&dccation. The wbole prospect was 
cbangcd through du aetttexncnts hy the Whites and by cheår impecial 
ttroggles. Out^de the Coaféderaticui wete the Cherokees. After the 
creatioQ of the United States thc Cherokees wtoce a consåeucioa of die 
White Man’s kind. Tbey estabUshed a legidature. a judidary and an 
execudve bfaach. A 6:ee Press and pubKc school system was set up and 
in their teUtions wUh the White Man tbey kept &ith, although the 
White Man consistendy betrayed them. In the end they were oepeUed 
&om their lands and driven into Arkansas. On that trek Cherokees 

died. 


S. SOUTH Ol* THB BIO CBANDB 

The great flowering of Indian cultuce, however, was in die south, in 
Mexico and beyond that in Peru. Down the wedge-shaped plateau of 
Mexico the tndiaM camc uncounted dioosands of yean ago. Presumably 
Ibr tbousands of yean they lived as hunters and they moved fbllowing 
their animals to places wbere water or salt could be found. 

Then, in a great undetermined moment, camc die discovery of maixe. 
The introducQon of this plant into Mexico was the essentlal factor in the 
economic groundwock of the dvibsadon wbicb was establisbed. The 
hbees of the maguey of the plateau and die caetus in Yucatan provided 
the second re^uisite. hbres for cloth-makit^ Bat while the Peruvians 
had thdr lla«*« - chat strange caniel- 4 ike creature whkh somehow, like 
the men, had cosne &om Asia - the Mexicans had only their backs. In a 
mountainoui cotmtry an animal to draw the ptou^ is not as esscsitiaj 
as on a level plain beside a river, but it is obiriously more necessary to 
caery the burdens up a steep, rod^ road. Ccrtainly one of the rescric- 
oons on the developnient of Mexican culture and econoiny was the ladt 
of beasts of burden. Men, or rathec women, tdieved thc need. 

WLch die devck>pment o( maize there was food to be stored. Men no 
longer had to give all didr rim« to the search for feod. The story, as 
e v ex yw bere, lepeated itself; spedalssadoa of tasks became postible. 
Icssuce, religion and art developed. 

Out of the maize dvilisadon developed three weU-known cultutes. 
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che Mayas’, thc Toltcc*’ »nd ibe Aztec*’. Ttw fim roay have been thc 
mose ancient of thc three. The Maya* moved from tbe plateau into 
Guatemala - pusbed out, pcesumably, by tbe secoad, thc Toltecs, who 

tn thetr mm were replaced OD thc plateau by tbe Aztea. 

9. T8B MAYA8 

Certain fret* to be rcasooably well cstabltthed. Widijusdficatioa 

we can tbat oa 6 August in tbe year 613 B.C. thc dme record of thc 

Maya* was begun. This is tbeir year zero; it is exact and definite. fotinded 
on which remain with us, of lunar and solar echpsc*. From 

tbe evidence of these calculatioiu it can be assumed tbat tbe Maya* had 
been studying tbe stars for well over 2,000 year*. It would take that loog 
to Work out dut kind of calendar. Some authorities believe dut tbe 
Maya* buile thc great pyramids ar Teotihuacan. Some pbce tbe high 
point of ihe eukure which built these pyramids at 500 B.C., but otfaers 
date it latcr. Aboot thc time that Christ was bom, thc fint Maya empire 
wa* fininded in Guatemala and U i* agreed tbat it* great period was 
between A.P. 430 and 6oa The architectiue. sculpture and paindng in 
dsose Central Ameritan ruins of tbis period are tbe most highly 
developed, arnsdcally Kalanr«! and beautifril yct found. We might 
remind ounelves that Europe at this moment was fioundering in tbe 
flarlfoff era of tbe Dark Ages. Rome bad been sacked and Cbarleciugne 
wasyettocome. Atdut period, durmgtboseijoyean, thc Mayas were 
»linAs r assoredly tbe mose dvUised people on cfae planet 

10. TBB TOLT8CS 

In AJ>. 1,191 tbe Mayas ofYucatan were overthrown by a great prince 
from tbe Mesdean plateau called Quctzalcoad. Althou^ he was latcr 
idenrified with gods, thete is no doubt tbat be had a temporal reahey. 
He discouraged blood-saicrificc and obvioudy coofnred great boons 
upon du pcopk, for be was remembeted in dieir mytbology as thc 
redeemer wbo was to return and restoce die Golden Age. Tbat, we 
remember from our school boob, was tbe uodoing of tbe Indians 
because, according to prophedes, Qucttalcoad was due to return to 
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earch and glorify his peo^ in the yeac iLD. 1,518. like the sun, be was to 
come out of the cast. Cortes, his amour gtinring , came out of the case 
and becatne the embodunent of Quetzakoad with disastroos results for 
ebeindians. The Golden Age becamethe Rape of Gold; the tedempeion 
became subjugadon. 



FoUowing 8 teries of oueraces comaucted by tbe nvadert, the deuens 
dte u anns sgaiaK die ^anisfa. Hw Spioiaidt and dieir 'naxcabn 
are beneged in the padaee of AxayaeatL in this scene a field ptecc 
is shown in action, whiie the hoesensen ate held in itaeiTe foc a soctie. 
UtnxoJtTlåxe^ 


Bdbre his apotheosis, Qtsetaalcoatl was the Toltec king, priest, 
ascroaomec and culture-heto extraordinary, who taught all art, wisdom 
and Idndncss to his people. He *bonowed’ dse Mayan calendar and 
redueed it to a system of signs and ideogtaphs which could be under- 
stood by the diverse peoplcs of Central America. 
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Jhjt ttoty of che Toltecs is ooe of great eonfusioD - thanki to the 
acdvittes of the Bishop Zunutraga ^o, after the Spanish Conquest, 
took all che reconh of the libcary of Texcoco and hcaped them od a 
pyre 'to the glory of God’. Similatly, Father Landa foUowed kis supcrior’s 
exainple and dcstroyed the Maya hbrary in Yucatao. These cecords con- 
aceounts of mcdicine, astronomy, chioo^gy and the histories 
of dsc pcc-Aztec peoples. In two fanatical days the pciests did a job more 
dsocough (han the buming of the hbrary at Alexandria. 

What they could not destroy were che enduring remaitts of Teod- 
huacan. Here is che record of die Master Builden. ‘The Pyrainid of the 
Sun is 750 feet square andaid leet hi^ And dus is just a fragmenc of the 
sacredcity whichwasfbur milesloQgi two miles bioadand whichhada 
courtyard of 1,700,000 sqtiare feet. ‘The buildings were covered 
and die roads laid in ceoKnt. How dsey prepared the masoniy and cut 
the hard bticde obsidian of cfaeir ornaments sdU bafBcs che invesdgatois. 
Their only metal was copper, mueh too soft fist shaping the stones. They 
uted some Unil of emery to smooth the stones (lihe the courtyard in 
Montezuma's Capital, which was so mizror-sniiooth that Cortes’s horses 
codd not keep their feec). Perhaps. as the expetes suggett (with some 
hesitacion) dsey had a sted whkh has rusted away without trace. Nor 
u tbere any explanadon of the microscopic detail of some of their 
carvings - che crafismen used crystal magnifying glasses. 

Teo^uacan perisbed in che late tench and carly eleventh ceneuries 
A.D. Its down&ll has been ascribed to teligious cooBicc, revolt and die 
£u 1 uk of crops. Archaeological evidence would oonfinn thac. It would 
appeac ibac ^ priesthood acquiied delusions of grandeur and that in 
t^ last stages of the ciey, which had progresåvely grown, there was a 
sort of cancerous growth. The excessive demand for conseruction could, 
by its drain oa human resources, have prodticed revolt. But it can be 
sensibty assumed dut it was not ooly the pcopte but nature which 
revolted. 

To gec the hme cement for this excess of piety che neighboucing 
forests ouist have been extravagantly dcstroyed. The Indian method of 
producing qakklime rcquired ten times as mueh vrood as the Hmestone 
to be reduced. To this tess-co-ooe proportioa must be added the faet 
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dut without metal axes oc saws, of whkk there u no nirvivtng cvidnce, 
d)c cimptest way of produdng charcoal in quandty is to set £re to the 
foretts theimehrea, without the refmemeat of caitting down the 
I, pcrsooally, would accept the cvidence. The bald hiUs around cfac 
Valley of Mexico and arousad the Valley of Oaxaca in die south would 
testiiy to tuda destructLon of forem and, in daeir degrce, to a pt^ 
Conquest descnaction. 

If dais were so. dåen dae Bålure of crops whida starved out the Teod- 
huacans could be rationally cxplained by dae defiaiestadon whida, with- 
oot the trees to filter the rains into the undetgtound springs and by 

producxng ruo-off and erosion, would dry up the streams and wreck the 

onc^fivtile lands. 

Across the great lalces, which once oearly filled the Valley of Mexico, 
dae Toltecs sundved in the odacr great dty of Ascapoculca. This tand 
is culdvated at the present dnae and the needs of agrkulturc have led to 
the razing of dae ruins, but the pcasams there are continually torning up 
the evidence of a once rich culture. It petered out sonaewhere at the end 
of the cwelfth century a.d. 

Once again archaeology finds eloquenc evidence of the &te which 
overtook a peopic. A large duster of baby butials, all contempocary, 
suggests thai starvadon and resulting in&ntile mortality overtook a 
culture which is otherwise disdnguished by ics abundance. 

II. THB NEW PIK! 

The New Hre Cexenaony was the clixnacteric occasiota of the Aztec 
calendar. Ic occurred once in cvery hfty-4wo ycan. It marked dae esad 
of One phase of the universe and the begixining of dae next. The altax 
ftres whida had bumed ooodnuously for fifty-cwo years were exdn- 
guished. In daeir homes, the pcople allowed tbeir heatda-fires to die, 
desttoyed aQ daeir household goods and fasted and bewailed tbeir im- 
pending fote, because this could be die end of the wocld. Unless the gods 
would grant a new dispensation, thetr lifé would end. 

Then asthesunsetattbeendofthe epoda, a procession of priescs 
represendng all dae gods of the Aztecs would march in pcocesaon 
towards dae sununit of Hubcaditecad, dae Hiil of the Star, tinaiiag tbesr 
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anival at ics crovming temple fer midnight The fece o( mankiad rested 
oo a star, beUered to be onc of the Pleiades. If dut star crossed tbe 
zeiuth, tbat meant survivaLlfit shouldfalcer, it would mean tbecndof 
tbe wortd. 

When the star crossed the zenith, as tt incvitably did, a human viedm. 



A haiwHtil flf the Spaniards rtacfa du outD- 
land. The Aaecs, nMcad of fodowing up 
thår advaatago. plnodcf tbe bodie* of die 
irflW and dtowned. Bc it tetnembered, 
however. tbe Spanith catried off tbe entite 
Aaec treaiure. Cedrx Pbrentuw 

specåally beloved of the gods, was sacrificed. In the bteast of the viedm 
tfaey kindled a hre - the ‘New Fire' - and from diis fire corches were Ht 
to rcktndle the dames in every temple in the city. ^om those temple 
fites the peofde reitt dieir hearth-hra. Life had beea assured fer another 
fifcy-two yeais. 

By virtue of this ceremony the Kismry of tbe Aztecs ^ spite of Bishop 
Zumarraga and Father Landa, tbe record^nimen) can be accuratdy 
dated. The deicruction of the botuehold goods is repeesemed by the 
aceumulated poesberds on tbe archaeological siees. Thcre is no deposit 
for the cyclical celebradonof 1,559 because the Spanish Conguest inter- 
vened in 1,519. but othen can be traced backwards, tfarou^ poccery. 
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from 1,507 to 1,455; from 1,455 to 1,403; from 1,403 to 1,35a, «tc. 
Working bade through nine cyd« of fifty^wo yean we reach tbe ycar 
zero in the Aztec caleodar - A.D. 1,091, 

Into the Valley of Menco, alrcady cuUutally developcd, there arne 
somewhere about 1,168 a vigocoiu people. At fim they Hved on an 
isUnd on a lake in Mrøtera Mexico and crossed in boau to the shoce. 
They began to migrate. They stopped at vaiiooa plaeet, all of wbich in 
recroapect ocquired a religioiu significance but which in laet were no 
more than the pauem of a thifeing culcivation > tbe workings of primitive 
agriailturim wearying the %oil uadl it tired and the yielda dropped. 
Rnally they reached tbe takea of the Valley of Mexico where tbey peaee- 
friUy setded in what u now Chapoltepec, neat the present Mexico City. 
As they prospeced, they pressed upoa their neighboun and thejr neigb- 
bours pressed upon them, and wars resulted. To their punidve expedi- 
dons they added the blood-sacrifice of prisoners, a cult whidi they had 
brought with them. 

Thit cult of human sacrifice, hy which wc remember the Asxco and 
by which the Conquistadores justified their own excesses, had alrcady 
aequtred a mysdeal significance. Although it is hard to beheve, to be 
sacrificed was an end devoudy to be wished. The viednu who had their 
living hearts tom oat were supposed to realite that diey were the 
pcivileged of the gods. This tbeory was apt to confuse their neighbours 
whom they raided to secure sacrifidal victims. 

Por example, in their catly days in dw Valley, the Aztecs were seeking 
CO curry fiavour with a powerfrit chiefi Coxcox. Tbey sought dsc band 
of his daughter Ibr their own cbtef. He gave bis consent bat when she 
aiiived she was so bcaudfril, and his gifr was so great, that in bumility 
they regarded her at too good for them. So they made her the fitide 
of tbe Gods, sacrificed her and drapcd her skin on a priesc to impersonate 
a nature>goddess caOed TocL Tbe frtfaer, who had been tnvited to a 
ceremony marriage not with the gods bue with the chiefi did not 
appredate tbe bonour which wai thus oonferred upon ha daughter and 
summoned hit armies to exterminatc the Aztecs, who fled back to the 
isUnds on the lake. There diey lived as outeasts in a Mexican communi ty 
of cultures whidi had not been disfigured, hitbetto, hy tbe sacrifidal 
cules. 
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On t W mmped isknds diey coo&omed (be pfobUm of survival 
m an ingenious way. Tltey creaud du ‘floatiag gardens', ebe ckinampof. 
Tbese were inan>ffiade isUnds contrived by scooping up mod from du 
marshy borden of du lake and by holding it in place by a breasework of 
reeds. Thcn tre« were planced, the rooo of which bound the earth 
solidly togedur. Berweeo tho« cxiensive ‘baskets’ of soU. du watec 
flow^ in a regolai system of canah. iresh mud was always added before 
each plandng so dut the organic matter was continually resewed. In 
dtis way the Aztecs eonverted the odurwise unprodoctive marsh into a 
glid of canals and fidds of tich fertUity. Thrn t^ iaveited the procc« 
vdskh wc find in the Nile Delta, where du riven created the sUt beds 

and du Egyptians cot du canals throo^ dum. This system of eUnempds 

agriculture sdU exists in the districts of Xochimiloo and Chako, where 
n y>tf of the vegcubles and flowenare still grown for the tueds of Mexieo 
City. Thcy are still a rural Vcniec for the touriin who roeandcr through 
the netwo^ of gardens in garlanded boais. 

M. THE LAKS CITILISATIOH 

In tune, duK grew up a lake dvilxsation based oo the »land on which 
the builc their dty of Mexico*Tenochtitlan. Standing in Lake 
Texcoco and linked to du shores by causeways and suerounded by the 
gjeen and colourful Ulands, du chitumpas, t^ dty inspired the rude 
soldicty of Spain to rhapsody — and rapine. 

‘Ic is likp du enefaantments duy teO of tn the t^end of Amadu/ 
hymned Bemal Diat del Castillo, the eorapanion of Cortes. ’Arc not du 
Aingi we see a dteam?' 

Here was paradue. As the Spaniaeds looked down into the valley tbey 
saw du oval and its three causeways fitom du centre of the dty to 

du mamlantl. It was like a jcwcllcd ornament, with du white opalesque 
bnildii^ of the tcmples of du city surrounded by du cmerald and ruby 
clisstecs of the greest fidds and red-flaming gardens ^nxud on the blue 
bosom of du lake. 

Above du s^uare blocks of du bouscs rose tlu tnmeated pyramidal 
like the Babyloniaa ziggurait, each with thest temple on top and the 
atound. It was a dty of jwrios, cloistered courtyatds, and arcades. 
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Apait &om tbe extenxioru of tbe lake causeways, thedty had no roads, 
but it was intcrlaccd with canab, along which the peasaots btought chdr 
canoes aad supply-boats. Thm wex« do wheded vchicles becanae dte 



Tbe Sfwniih flodlla pm (o lea. Tbete 
galleyt, eqtBpped with oon aod a tail and 
aiancd wicik a catuMo in tbe bow. oould pby 
havoc with tbe Aetec war canoe*. 0»dec 
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wheel, excepe ia the calendar setue. did not exist among tbe Aztect. 
Not, cmdl die Spanish invasion, wcxe cbere any horses. Movement wu 
by watcr or oa fboc. 

Into dus &butou$ åey rode the Spaoish invaders. At the head came 
Oxtes. (he bearded Whiee Man in his gliscening armour, mounted on a 
horse, an aniinil the Azcea bad nevet seen. Obviously diis was the 
rejncamated Quetzalcoad, the Plutned Serpent, the God ofCiviHsation! 
Bchind him came the 400 Spaniards. They rode acroas the cauaeway, a 
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rcaurkabl« piece of cnginfiering, executed with geometrical predsion 
andcompotedof buge ttooes weliUidin cetncfit ai)d wide cooughfor 
ten horseanen to ride abreajt Aj thcy maiched on this dyke tbey passed 
sevenl large tovnu resdng on piles and readted into tbe water. The 
lake popdarions, apart from theii crops. inaintained a ttade from tbe 
manufrcture of the salt whicb tbey extracted from tbe waim of tbe lakc. 
The watets swarmed witb canoes ~ Antonio de Herrera, tbe historian, 
estimated 50,000. Near tbe approadies to the Capital tbey encountered 
Fort Xotoc, a batdemented gatcway flanked by towcn wbidt was the 
ooier defimce of tbe cicy a mile and a balf away. Where tbe causeway 
reacbed the »land tber« vrås a drawbridge whicb gave on to a broad 
avenue, and dte Spaniards passed amongst dK temples whose altars 
were M»Ting vndi die fifry two-year fires. At tbey mardted down the 
spacious Street, the troops cræed bridges over the canals on whicb the 
Tndian boats ^ided backward and forward with tbeir cacgoes of fruits 
and vegecables. 

13. THB HALLS OB MONTSZUMA 

From the pytamid of tbe War God, Montczuma gave Cortes a god- 
likeviewofthedty. 

*11x0 Montezuma took Cortes by die band,’ wrote Bemal Diaz, 
'and told luffi to look at his great dty and aQ tbe other cides that weic 
«wn<j»ng ia tbe water and the many other towns and die land arotmd 
the lake.... So we smod looking aboiit us, for dut huge and cursed 
tecnple scood so high tbat fiom U one could see over everything very 
well, and we saw tbe three cauaeways wfaich led into Mexico ... 
and wc saw the aqueduct of fresh water dut comes from Cbapul- 
tepec, whiich supplies tbe city, and we saw the bridges on the three 
causeways, whiefa were built at certain distances apart.. . and we 
beheld on du lake a great mtilritode of canoes, some coming with 
si^plies offood, otheis retumii^ loaded witb cargoes of merchandise, 
and we saw that from every house of dut great dty and of all the 
other dties that were built in tbe water it was impossible to pass from 
house to house except by dtawhridge, whidi were made of wood, oc 
in canoes; and we aw in those dries temples and oratorics like towers 
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mi forcretKS and ali gleaming wfaite, and it was a wooddfiil to 
behold.’ 

Hius Montezonu received Corts as tbe an^K^mdo r of a greae 
monaicb. He made tbe Spaniards his honoiucd guescs wieh hospitality 
whteh tbey abused. They abducted Moatczuma and lubjefted the 
supersdcious priesc-king, aiready doomed by his own astrology, to 
psychological corture wkich modetn brainwasbets have nevet surpassed. 
When he was no more chan a zombie, a walking corpse, dtained of his 
spiritual U&-biood, he was Idllcd. Ic is irrelevant whether the blow that 
killed him was a stosK thrown by his outraged peoplc or whether he was 
actnally muidered by dse Spaniards. In the sequel. his son Guatemozin 
was put to torcure in an eilbrt to force him to reveal where gold was 
ludden, and he was banged by Cortes. 


U. TBKOCHTITLAK AND BIROSHtMA 


How a small band of Eiiropeans could subjugate a ’great empire’ can 
no longer be tegarded as a tnitade or a mystery. Montezuma was no 
monarch. He was the Icader of a group of cribes with a mystical, but not 
consdcutioaal, authority. He was not the head of a hegemony of tbe 
other tribes of Central America bue merely idenofied with a small but 
scrong group which could periodically intimidate others into paying 
tribute but which bad no administrative authority of feudal powers oc 
of military levy. No one doubts the desperate courage of the small band 
of Spaniards but tfaeir iiutial advantage was gained by ‘psydsological 
war&re’. This was fbrtuitous - the myth of Quetzalcoad and tbe oo- 
incideoce of bis propheried return with the arrival of tbe AKHsite Man; 
tbe appearaoce of the unknown horse (widi Cortes subtle enough to 
realise tbe cerrifying eSéet of the bellowing ofa &unrated siallioo); and 
the effeets of edged and bomisbed Steel, with the coioddental supci- 
scitious signihcance of plumes, wluch the Spaniards could not have 
fbreacen. The subsequent disrupdon of the Indians was not tbe result of 
thetr defeat in battie, but of f^ming through disintegratioa of an agri- 
culcure economy, and of disease, introduced or teleased by the White 
Man. 
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As nuny were kiUed in tfae cbtee nxoodu’ åcge ofTenochtitlan by che 
Conquinacioro u were detcroyed by cbe arom bombs on Hkoahima 
and NagasokL (Bstunates in bodt events vary bcfwecit zao^ooo and 
340,000.) 

Yet the hociific story of chat ruchless slaughter and descructioa is sdl] 





Caavlitemoc, who condocted the detence of Tenociitillan, is 
noetved with aD ttie bonoun of war by Corta and bit consott, 
Matini. bi the upper rigbt Coctes msy be teen greetug Ciwiho 
moc’t wifé and bmily. The kgtatd tranibted leadi: 'With this 
event, tbe Meaicuuwese fiiudied.'LMi»ødr 


only an incident, not a culminaåon. We have already seen how the 
biuning of fbrests £bc charcxial for the cement of the temples and cities 
had bared the mountains. Now, in their ootiiquest, the Spaniardi 
aocelerated the process. They deacroyed the Capital and othet lake dda 
but Cortet wanted to build again to che glory of Spain, and he choie che 
tixe of Tenochddan, Montczuma’s dty which he had so thoroughly 
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Stradamui print of The Akhemist'* Laboratory* 

Modbkn Chimistry 

Oil rcfuicry at Ellcaiicrc Port, Cbeshirc, which handles 5.000.OOO tons of 
crtidc oil a year 
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15. TRB DBATB Ot A VALLBT 

Proooct, wbo go« on record in his History of tkt Conqutst ofMexito 
as saying, 'The empire of tbe Aztea did not fkll bc£bre ics time.' giv« an 
apccounc of the rebtiildbg of the city in tour years - on the Spantsh model 
and on a grandiose scale. 

The labour was to be peifonncd by the Indiuu, drawn from ali 
quarteis of chc vallcy, and including Mexicans themschr«, gieat 
nitmben of wbom Ui^ered in tbe oeighbourhood of theit 

residence. At ftrtt they slwwed reluctance and even hostility when 
caUed to this work of humiUation by their conquetots. fiut Cort« 
had the addrcas to secure some of the principal chkGt in his intcrests, 
and under their diccction and autbority tbe labour of »Ki-ir country* 
men was conducted. The deep grov« of tbe Valley and tbe fbrests of 
the neighbouriiig hiDs suppHed ccdar. cypresi and other durable wood 
for tbe interior of dte buildings and tbe quarri« of tetzontil and the 
ruins of ancient edific« fumished an abundance of stone. As there 
were no beasts of draught employcd by the Aate« an 
numb« of bands was nceded for tbe work. AU within the 
Control of Corca were piessed into service. Tbe spot so recently 
deserted now swaimed with muldtud« of Indlåns of vaiious trsb«. 
... The proplsecy of tbe Aztc« was accomplislsed... .* 

(Ibis prophecy was tfadr taunt to the trib« which bad beoome the 
aUi« of tbe Spaniards. 'Go on.* they said to tbe Indians wbo were 
dmtroying the Capital. The more you destroy, tbe more you will build 
again. Ifweconquer, you shall build for us; and ifyour white friends 
conquer, you wiU do tbe same for thcm.’ AU the Indiint, ar-alli« and 
ex-friends, were reduced to peonage.) 

‘And,’ wrote Prescott, *tbe work of recoattrucdon went forward 
with a rapidity like tbat shown by an Asian dapot, wbo concentrat« 
the population of an empire on the erccdon of a favouhte Capital.’ 
But Prescott, who jusdfied almost anything because of the h uman 

r 
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ucrifice pnctised by dx Aztea (& pitactice whidi had prevailed in 
vaiicKu degnes during Icss aoo yean of the history of the Central 
American Indian) saw no conneedon beeween this frenzy of despodc 
building and his desetiptioa of the Uke and its adjoining ddes: 

*Buc a gessendon had tcaioely passed after the Conqiiest befbre a 
ladcfaange came ovez A««* scenes so beaudfuL The town (Impalapan) 
was desened and the tbote of the Uke was strewed with dx wreck of 
buildiogs whkh were once its omasnent aod glory. The (floadng) 
gardens thared the Ute of the dty. The retreating waten witlidrew 
dx means of novrishment, oonverting flouiishing plains iuoo a foul 
aisd iinsightly morass, the haunt of loathsomc repiiles. And the waeer-> 
fewl huilt her nest in what had once been the palaees of princes.’ 

The ruined gardens? The retreating waten? Cortes had impreswd 
400,000 Indiant, dx people wbo had made a Uke arable widi doadng 
gardens. Hc had cut down the timbers for the glorificadon ofhis palaees 
and cburdxs. And be had builc in stone and stucco whicb, rememheting 
the lodian proportions of ten tons of charcoal to ooe ton of limestooc, 
meant the devastadon of forests by hting. 

The retreating waten wichdrew their nourishment.’ The level of the 
Uke UO through the loss o( springs, sudded by the forests. The lakes, as 
chey bccame sfaallower, bocame more and more salt until in dx end thry 
became just salt-psns. And the process thus started went on remorselessly 
through dx centuries undl Lake Texcoco withdrew her skilts &o«n 
TenoÅtitUn and the fdexko City of today stands on a dasty {dateau, 
once water-fiUed. 


id. TSiB VNBATCHBD BCC 

Thus a people wbo may have ori^ated from dx Penian plateau or 
dx lodus Valley, and wbo durir^ tbe aeons of time had traversed Asia 
and North America to estahlish a ctviltsation m Central America, 
became tbe terfs and the sUves of a people who bad taken a sbottercut, 
acroo the Adandc. 

It has been said by Stuart Chase, *In astrooomy dx Asixrican mind 
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reacbod its di max and che Mayas were ici lugb priests.* Over 4,000 yean 
ago tbe fint nuterial vdiicb weot into die creadon of the Mayas' ralmdar 
must bave been coUeeted and budt up into a system in wbkh tt is possible 
to distingubh, widiout duplkatioo. any given day in 370,000 years. 


e 



be» wfgkal tiatrumcnts. Tbcae were feund in gravet wiih giuze 
bandages and a form of prioriove bat vety dTeesm touixiiqnet. 

(a) Btonxe scalpel, wtapped with leather thoogt. 

Bronac 0«n( fer maUog indsioat in bene. 

Anodier ferm of icalpel wicb omamented bone hawBe. 

(d) Bronac icalpcl witb woodn handle. 

(e) Lorger bronse acatpd i ipeciik UK unknown. 

They had disoovered che zero, the symbol indispensable to modem 
•dence, highcc mathemades, and out mechanical age. It u generally 
claimed that zero, ebe ‘unhatched ^g’, wat derived by Europc, fiom 
the Hindus, through the Arabs. But, in Hindu terms, the discovery was 
made not earlicr than A.D. doo, while the Mayas had dixovcred it 
centusies befiire. Of pbysics and geometry the Mayas had a pncdcal 
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knowted^ and they were excepdonally hi^ily d«veloped <lrau^tsinea. 

These peoplc. die Mayas, Aztea and die test. bad an advazKcd 
medicad system in which tbey onployed betbal temediea, inci n di ng a 
■Di gital!« (wfakh cbe Engltsh doct^, Witbering, was to rediscover ta the 
.■i ghbi^A ceneury, ai a tseatment for hcart disease). Tbey Had an 
cxteoBveknoaidtdge of tbewockiiig of tbe human frame, ofits tkc l et o t i, 
its muscles and its netvous system, and the Mayas were paitkolarly 
in trcating diseases of tbe eye. Hie Aztec botpitab and refriges for 
veteran soldien evoked cbe idmiration of tbe Spanidi conquerors, who 
dtscovered dut dKse'barbarians* bad asanitary system frr in advance of 
anything tbey bad lefr bfhind Aem in Europe; m tbe Capital dty cfaere 
were over 1,000 Street cleanen. 

Tbe Mexkan tiibes, eadl in tbeir varioiu wayi, had imjmsåve and 
divenifred todal rystenu. Sven in wfaat, gcogtapbieally, would appear 
to be dote proxmiicy, diey kept dieir divenity. for cxample, the 
Za p i yys on Monte Alban were praedsing human sacrifice (which tbey 
paned on to tbe Aæa) vdiile the people of Mitla, only a frw miles 
away, were contempotancomly praedsing a religion whkh abjured 
hiitn^ It is also obnoot from the arcbaeological remaim dut 

the had masa-produedon fretoriet a loog way ahead of die 

loduitrial Revolution. 

Bot, above all, tbey bad btooglit agticulture to a high degree of 
effideocy and (m die breedtng of maize, for instance) of sophistkadon. 

17. THI rATB or THI INCA 

To the South, beyood die Itthmus ofPanama and Nicaragua, flowered 
the dviliadoo w^ which this part of tbe book started - tbe ineu. 
Tbey, too. were cbe beirs of ptevioui culnires. Hk Andeans appear to 
have bad litde, if any. cootact with tbdr ndgbbours in Central America. 
But tbey were to mfiér die same rcmorseles fate. 

Hieie ace féw t^Uer stoties in htstory tban tbe fiue wbkh ovenook 
du Atahuallpa. It å troe - another of tbosc grim coinddenccs - 
dut when the Spaniards aiiived, tbe empire of tbe Incas which had fur- 
vived and grown in du tcabilicy of dtree centuiks, with litde recourK 
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CO wir. was in tfae throet of« dynutic ttniggle bctween Ataiiuallpa and 
hil bcotber Huatcar. 

Atabuallpa had eme^ed triumpbant and wai oo his way to che capical, 
Cuzoo, to be instalied as the Inca, tbe Lhring God. On bis progress be 
had scoppcd to talce the tulphur baths at Cajamarca. Thet« be beud of 
che amval of the small band of Spaniards under Ptzacro. Again tbe 
element of supemition comca m; Usete was a l^eod chat die taca's 
Creator God, Kon-Tiki Vtncodia, had fbnaken his people beauae he 
was dissacitfied witfa them and dut ooe day he would return. Atabuallpa 
believed chat die Spaniards wen che godt themselves Corning to conduct 

him CO Cinco to invest him as die Inca. But preiaidy, wkcn he beard 

how chey raped che Vlrgtns of the Son in one of dse ten^lei, Ik suspected 

thac they were no gcxh. Bue, either becaine he letcsecure tn his supremacy 
as the Sun King or because of nacive Penivian bosphality, be gave in- 
struedons thac che newcomers were to be receivc^ everywbøe with 
honour and friendship. He chen invited chetn co bim tn che 
at Cajama r ca. He ordered his own warriors to come unatmed so as not 
CO give oITcnce to their visitors. 

On die evening o( i6 November 153a, at tbe hottr of the 
vespers, the Inca was carried in his licter, surrounded by his ■marm#,'? 
bodyguard, into the plaza. On three sides of the squarc were low ranges 
of buddings, with spadous halls and wide doorways. There, in 

ment, Pizarrohadalreadystadoned two divisions of hit cavalry on their 

horses, tfaose animals unfamiliar to the Incas, and had potted gum. 

There is che &ncastic story of che priest who challenged t^ Inca in 
the name of the Pope and commauded hirn to tum to Chrirdanicy. He 
pcopounded die nature of the Trinity and bewildered che Inca by trying 
to prove that three in fket was four. In tbe upshot che priest lost p»H.»nni. 
accused the Sun King of insulting die Bible and tbe Pope, and rusbed to 
Pizarro and satd, ‘Do you not see while we are standoig here wasdng 
our breath, calking to Uiis dog, luH of phde as he is, tbe fields are filltng 
with Indians. Set on at once I’ Pizarro obeyed the injunedoo. The Whice 
Men’s guns roared and the cavalry daUied fiom their ambush to 
nussacre the belpless Indians and to Iddnap their Only one Spaniard 

was wounded but aome xo,ooo Petuvians died thac day. 
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Thm came ihe Inca’i Éual miitake over die raniom. He had issued 
orden, to avoid futther Uoodlhed, conunaoding hit pcoplc not to 

aveogc dic minacre Of tbe indignitiei to hil penoa But he had formcd 

a ptetty shrewd ejtimate of the SpMiards and realiied that thor derirc 



The wa> die poDcipd B iai port (at At BoWlity. The 
iBca nd hu Oye-qiM bdof orocd by Ruem tnbamea 


to coBve« him to thæ teligioa wai I« than thcir rapadty for gold. 

He decided to appeal to Ae avatice of ha kcepen and told Påatto 










THI BftlDCB 


ux 

fKat as the priee of his fieedom he would fill t room with gold. The 
apartment to bc fiUcd was 17 &ct broad aod bb leet loog, aod the height 
he agreed to fiU was 9 feet above die floor. In addition to filUng this with 
gold, he agreed to fill anoihet room twice over widi silver. He onder*' 
took to do it vnthin two mondu. 

The courien of the Incas went out over the land, travcUmg £ut-ibot 
acroes the Åndes and dovm to the coastal plains, and the gedd airived 
within the stipulated period. By modem esdoiates the gedd dut fUIed 
that tteasurc room was wortfa ^75,000,000. 

The Inca had sencenced hinueif to deatfa. If he could command such 
riebes at such shon noctce there was obvioosly mueh more thac he could 
withhold. $0 the pretext was found that he had used the gathering of 
the ransom to commonicate with his people throughout a vast en^iiie, 
and to alert them for a rising against the Spansards. Ke was condenined 
to bc bumed at the stake. 

Two hours after sunset on 29 August 1533, Atahuallpa was led out, 
hånd and fooe Fathcr Valverde, wbose argument on the 
Trinity had led to the kidnapping and the massacre ten months before, 
was at his ode. As the Inca was bo und to the stake with the £sggoG piled 
aiound him, die ptiest held up the cross and demanded that he renounce 
the fotdi of his fothers and embrace Christianicy. In return, the pricst 
promisedhe would be spared the fire and merely bc strangled. 

Accotding to the Spanish account, which ofcoursewai usefiil in per- 
suading the hidian pco^ that their Inca had set an example. AtahuaDpa 
was converted and garrotted. 

In diat blaspbemous moment, die Incas’ dvilisadoa might have beeo 
strangled like AtahuaQpa. It did not die; it persists to diis day, not as 
monuments and ruins but as a culture and a way of hTe, with which 
Btiropean power and rcl^on has had to eomprooiisc. 

Inits permanent efiects, the empire of the Incasleft an imprint and an 
jnfl.wu*# u profound as that of die Romans in Europe. We can call 
them ‘the Romans of the Western Hemisphere’. This is not just a 
quesdon of dimension; even by modem standards, and measured by the 
shorteomings of most of the world today, the Inca syitem of govem- 
ment was renurirable. 
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l8. TBI ANDIAH CIVIltSATION 

TIk okUc of tbe Aiukaa dvilisaiiaa wu Pent but QOC ooe Petu - 
three Perns, aD lyiog parallel co eadi other. Fint there was the Peru of 
thecouul desett; lecond, the Peru of die high Asdes and the plateau; 
and dtird, the Peru of tfae jungle. 


Along ict eoaits flowed the Humboldr Cutreat, the Golf Stream of the 
Pacific, of whkh Hejrcidahl took advaatage on his Km-Tiki expedittoo 
(named for the 'Uoereated Creator’ of the Incu). This currem bringi to 
the coasts of Peru a sttange compomtioo for the dexits urbich He 
ashore. The waters are alm with swarmiag plankton, which make the 
tea fmt n d with fish. and this sea-Iiié attiacts hirds in fa ntasd c numbers. 
Those hirds tn tum complete the cycle of nature by depositing on the 
blandt and along the coasts enonnous quantities of guano-dxn^ the 
of urhkh once consmuted dte wodd's richest reserve of 
natural nitrates. The ancieiii Peruvians apphed thu fiErdliscr co the tn- 
ferdk deserts. 


Inco the valleys, running from che desert tato die mountaiiu, filtered 
a of immigrant peoples, wfao in their bolated vaUeys fonned 

separate cultures. In theit subsequent diffusio n , and each in their own 
way, they their agrtculniral practiccs over die Andes and on 

to tbe plateau. From ooe of these groop-Ktdements around Lake 
Tidcaea spread die to becotne the rulen, but also the bein of the 
other cultures. 

The eacliest tiica diief known (o hbtory was Stncfai Roca, the begjti- 
ningofwbose rule may be fixed at Aj>. 1105. Wiibout wan and untilhis 
dea^ S i'yl'« Roca ilowly eitended hb own tiibal area along Lakc 
Tlticaca. His son dieo ruled, and advanced, again without war, and hit 
gtandsoo. Maya Capac, further enlarged the terrieory and die Tnca 
without more dun local skiræbbes. That was true of all their 
history - diey cstabhshed a hegemony, not by wan of con- 
quest but by force ofexample and the authoriry of respect. 
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Men and women fiwifhijn ihe fiekb co gee fa c t. The tncn we 
che footploogh. caBcd McUe; du w«Dot bteak up tbe dodi cf 
cwth. Aiw(ber voman hringi eom-<Udta to deink. Rcdnwn 
fnta Pelip« HiuniAn Poou de Ayah 


19. THB OOLDIH D16C1NC STICK 

The basis of the Inca empire, as of ail ctvilitadon, was agticukuie. 
Bue, wheteas in 10 many otber dvilisaciou the soO and ics peo^ became 
ehe slaves, in Peru the soil was paramount The structure ofsodecy was 
rooted in a natuie-mysådsm. There was no such ching as dead eaith; all 
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nature most be nuned into li&. The »ands of the desert and the highcn 
slopes of the mountains were a diaUenge and cbcit cultivadoa was a 
taocd miison. The symbol of die »oil, Auxe, or place-Uirine, was everyw 
where. We can marvet at the wooderful terraccs, ttooe aqueducts and 
rock retervoin triikh remain to tbis day &om pre-Coo/quest oines, but 
tbey are a ixibuce not only to the tedmology and sodal system wbich 
creaCed tbem but to die reltgiout zeal which sanctificd the loil u the 
pvcr of all life. 

The tnca govenunencal system was based on the village but dbc viilage 
was not ooly a coaunacicy of people bue a commiinion of the soil witb 
these people. There was a complete idenoBcadoo between tbese people 
and land. These Tillages mi^ cotnbine with otbers to foim coo- 
fisdctadcs and accept leaden whoee autbority was beteditary. Befote 
tbe Corning of tbe Incas. some of tbex bad acquired a kind of &udal 
system, but it was a system based not on warrion but oo farmen. The 
Incas bad the sesste, as tbey extended tfaeir infliiwwT, to preserve tbe 
social structures of duir neighbours, while producing a general coit- 
fomicy of design. 

«t\ /wif -amp tififtd fr>rm tb* adminiitr aBon was »mething like Aå; 
so houscbolds under an official, aominatcd by higbcr auchority but 
rak<ti £rom »Iiwf own number; $o bouseholds onder a higher offidal; 
100 bouseholds under an official wbo was a minor locd; and »o on - 
$00,1,000 and 10,000 bouseholds. Over 4t>,ooo the tupervismg officials 
were caDed *Tbey>wbO'«ee-aU'. Above tbese were wfaat might be caJled 
vioeroyi, the goveraon of die foor quarters tbe empire. 

Autbocicy stemmed dixeedy from the Inca to the peaiant (or vice 
versa, cince the Inca wai tbe god-king embodiment of the soil and its 
worken). There was a nobibty, an aristoctacyof Inca royal biood, who 
were the keepen of aadidoBS and wbo were tiained for service through 
ao intensive and, ooe gitben, extremdy liberal education. Below the 
goveinors, the tpa-oam, i» botizoncal intcr-relatk« existed between 
die officials; tbe chainofeommaad was vettica]. 

In August, whiebit the Peruvian seasoo of ploughing and sowing, tbe 
Inca and his nobiHty tacramentaUy retumed to the soiL Tbe season 
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opetwd mth a festival in vrhkh the Inca ploogbed tbe soil wich a goU- 
tippcd (iiggmg stick. This digging stick, vhich ia tbe case of the peasant 
bad a 6ie-hardeaed or metal dp, was a long pole, la priadple a 
spade becauseu bad afoot-rest by ^tdiicfa tbe cutter couldbe driven tnio 
tbe grouad. Tbe mea wotked backwards; tbe women worked forwards 
breaking up tbe sods. AH 6c)d work was manmi åoce dtey had ao draft 
animals. 

Thus tbe laca system depended upoa tbe ayUu, tbe vUlage, whicb coo- 
croUed the lands communally. These lands were divided between cboK 
whicb were eannaiked for the Inca, ie. State lands, tbe bndt of the Sun, 
and thosc wbich supplied 6e village itself Tbe peasant teaded his fåmily 
plot but at the sowii^ aod die harvesting all tbe raetnbers of tbe ayliu 
wodced in eacb other's fields. Tbey sbared tbe wock so that rickness of 
a breadwinner was never a btirdcn on the Eunily. No one in tbe groop 
went hungry unless the wbole gtoup was hangry through some bulure 
ofdiecrop. 

In their cruninal kw, tbe Incas made a distinction betw een two forms 
ofstealing. Ifa person stole from malke or avaiice tbe punishmeni was 
dcatb. But if hc stole tbrou^ want or necesrity, tben the official of his 
ayllu was punisbed for his kck of administration whicb provoked the 
crime. Honesty was a bask aeed. The Indtans Icfr the doors of tbeix 
houses open a welcome eo all comers, but if the owner was not at 
bome, a stick was kid symboheaHy in front of tbe door and nobody 
would enter. The other Cardinal crimes were morder, violence, lying, 
adultery, and laaness. This pesulcy foc ktin«s was like tbe inescapal^ 
exactions of our modem income tax. Since there was DO mooey in the 
Inca economy, taxatiem or mit'a was in tbe form of work^ervice and 
anyone wbo 'skeked on the job' was evading his taxa at the expense of 
his ndghboun. 


aa TBB WOBK LIVllS 

Apart frrom tbe nsufructs of tbe Incas and the pricst whicb were piled 
up in the dtb^bousa of die vilkges, the peasants had otber dtuen> 
(boa in tbe form of workJevks. They were expectol to supply kbour 
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for the for the toa^ tot tbe brtilHing of tiie rope stspeukn 
bridges »cross the gocga sad the public unbaes like d>e extotskn of 
tetradng, aqoedacB and teurvoits. If fer examplc, a rope suspeosioa 
bddge (Hke that of Apitrimao<haca, which was the subjea of Thomton 


“nie A|HulmM-d^ - the btidgc dM ooaed ^ Apotimac Biter. 
Kbowb is bcentni« M die *Briilge of SanLnåneTMtwuoeeefthe 
peattK ayiaeainc feati of the læst. Ahfaoti^ die £bte csbles had to 
b« dweLgcdeTcrycwoTeais. the bodgefnmrcdfroa 1400 UDcU lUo. 
Dnwn from s dtfoenotjrpe takea by E. George Sqiæe in 1865 

WUder's Bri^t ajSm Luis Rty) bad to be buUt ot repaired, word wotild 
be sent by the nmnen of the eoorier serriee to the tylliås to ptovide the 
levies. 

Ihe tecruitment was on a dori mal lystem. Ifa thouiand Indlåns wcre 
needed to cut the agave to get the fibres to be tpun into the thick caUes 
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ud to uademke the advenmrous wock of ilinging the bridge actoo the 
gofge, titen each headnun often village* would be »Afd to furoisb a 
hundred Indians. The men would be immedutdy mustered, for lime 



nie fMipa, at drawn by tbe laea^pmiih chroeider. The 
dominodike 6gutc to tiie left loffen tfae mann et in wbtd 
in decimal tyicem of eeuDtiug ifaøidd be uadentood 


was tbe cssenceofobedience, and would be marched to thetite. Scrupu> 
louUy fair records of tuch worfc aervice were Icept in die knocted ttring 
'ledgen* of the fuipvs. Tbe work in die mines wai rccognised as a batefiil 
fbcm of scmce and tbe houn of work and the term of ducy were 
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comspoiKliogly shoct Bdog $0« » ihc mina for longer lermi than 
hy mil’ g, of work-taxes. wat a form of pi in is hmcn t bw 
not oftlavery. AU autboritia are igrcedtl«tbcb*BCwotk-philoJophy 
was: 'AU sbouU wotk; nooe should work coo mud) or too long and 
none iould ta&t want’ Hus, tbc Uad and the liboui, wai the r«I 
wealth of die locas, not die gold and silver which, by provoldng the 
avance of die coiw)Deron, dettroyed the empire. 

In dus eolightened society diere wai Ofic law for die rich and ooe bw 

for the poor, bat tn maay teapects it operated in the opposite scnsc to 
that in wbich we apply it today. The ariitocracy. deriving tbeir privileges 
from the biood of d« Inca royal houie, had exempdoni from many of 
the laws whkh applicd to die common people. For instance, they wcre 
allowed polygamy and coocobinage while a tigotous monogamy, widi 
the deadi penalty for adnltcry, applied » odien. But in Inca society die 
people oftbeuppctelaMcswefe giveo much more scvere pcaalties than 
die lower clastes for offences againit die mens oc editcal Uwa. An ofrénce 
which wotild caU for die humiliadon of a pablk rebukc amoi^ die 
peaianowouldroeaa die loii o f privileges and baiushment for the noUe 
who had fii W in hh example; a crimc which would bc pnnished by 
nich aidielossofaneyeocanear, among the common 
people, would meaa deadi to a noble. The code of law of the Incas. 
altboogh it tpedfied draidc puniihments, was basically an appeal to die 
coUectrve and die tancnoos (d*public opinion. 

As we have seen, in Meaopotamia and ehewbcre, the extenaion of 
agricoltufc bcyoiid the scif-evident arablc lands depended u|^ public 
„H-tmw pcovidiog common services for groups of communides, which 
could not provide for diemsehra or. if they did, ooly by rivalry and 
'begpr>my4ei^iboar’. In Peso the tiltimaee point of rcforcnce of all 
public was the Inca h imsel f . In phndplc and. one gadien, in 

pnctke, the Inca was reapoiuible for the building of the terraces, tbote 

hvingpyramidsofbasiniofsoilbewnoutoCorbai]toa,themoun(ain- 
ndes, whkh even today hold the toil which was accmnukted diere long 
befote the Conqoest He was responsible for the great aqtiedocti, for the 
iDck reservoirs, and for die irt^adon canal syttenu. Woe to die govemor 

or the official who betiayed the Inca by foUing in hk duty to safeguard 
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dicse systems. Tboe ts evideace of instrocnou &om the Ince himtflf 
beii^ cirried by couiien to remote parts oT his empire comoutuimg 
spedfic aylhu to ckar a tpect£c sectioa of s canaL 

21. Tns ALl'SIBINC 

This aense of die AU>Seeiiig Inca was maiatained by aa 
system of co mm i m i c atioos. la time of emezgency fire and smokc 
wete used by ligbting diy-cottoo rinder with concave miirors. By this 
raeajls news of tome etuis could reach the Itica m Cozco from plaeet 

2,000miles distant in les dian three houn. These were just ferewBnuDgs. 

For messages involving more infotmadon. the Incas lud anodier system 
which ws the ^stest on eardi imtil the mvenaon of the tclegraph. The 
lucas had an elaborate service of ehatqui - coiuiers - «ho could nm in 
relays beeween Quito and Cuaco, a distance of i»2jO »"itot. in Gve dayt, 
altbough the rome traversed mountairu d,ooo to 17.000 féet hi^ 
alcinides at which anyoæ, even withottt the edbrt of runningi would 
suØér from shortage of oxygen. Tfaey could nm aa average of 246 mila 
2 day, which is two and a half times faster than the qteed of Roman 
eourien. Even at great heigha they could maintain an average speed of 
a mile in six and a half minutes. 

Modem physiology can account, in part, for this pcodigious capodty 
ofthe Andean ninoers. We hnd, eoday.apeopleadapced to great hdghcs 
by having mueh bigger lungs than people of lower altitades. Dr Carlm 
Monge, the Pemvian biologist, has shown bow they have become 
physiologically adapced in otber ways; even reproduedon at su^ 
aldtodes is a matter of acclimadsadon. 

Lung capadty was supplemented by extraordinary physicalendurance 
which has been accounted for by the chewing of the leaves which 
provide cocaine. The drug ^paieocly made them inseosidve to both 
fiutgue and hunger. The worshipful dde held by the queens the Incas 
was ‘Mama Coca‘; the qualioes of the cocacoci plant wete prticd by 
the Incas u ‘a solace seoood only to women*. 

Just as the Romans thetr grip over a får^iluag empire by 

an elaborate system of roads, so did the Incas. The Roman system 
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covcnd $6,000 miles through Europe, the Middle East and Afri«. end 
Chat of the Ineas. through thc fbtbUldiBg mountains of the Åndes and up 
the entire lei^ of deseit coast, totaUed over 10,000 <^aU-weathcr 

highways. Baron von Humholdt has claimed that as an engineering 
feat die Inca system surpossed that of the Romans. 

There were two main arteries, The Royal Road ran through the Åndes 

from beyond the Equatoc, south throt^ Ecuador. Peru, Bolivia, 
Argentina and Chile - a range of thirty-fut degrees ofladtude. or 3.230 

miles. This maka it lorga ihaa thc 1«^ Roman road, from Hadfian’i 

Wall. ndiich divides England from Scodand, to Jerusalem. The Penivian 
Coastal road b^an at Tumba. three degrees below the fiquacor, tod 
ran through the UiMeriag desert, 2,520 miles, deep into Chile. In addition 
CO these arterial roads thete were Imk-roads, into and across the inoua> 
tains which were prodigious fracs of engineering, shetved out of the 
mountains, traversing gorges and in one case climhing to a height of 

17,160 feec There were roads to the mines and tfaere were miHtary roads, 

like the one which was puihed 400 miles through the mftiinrqj nT. a road 
of nu toned stooe, for the puipose of subduing a tribe of Chancas out- 
laws. 

The Standard width of the Inca Coastal road was twency-fbur feet. Ic 
was not metal-surfacedbecause the desert soils oould be packed hard 
eoough for the fbot and Uama craffic, and wheeled vehicles and iroo- 
shod horses had not yet arrived. But whete the road passed over matsh* 
lands ic was soHdly built on a raised causeway and ic was flsn kH on 
eicher side by walls to prevent sand-drifr and to contain the formations 
ofmarchingsoldiets. Another feature of this road>engineering wai tbe 
remarkable drainage methods sriuch were embodied. 


Even che Conqueron had ungrudgingly to admire the road system 
and to cooeede not only the ingenuity of the loca’s eogmeen but 
humaneness. Ihe roads, as de Leon wrote in 1350, were consoucccd 
‘withouc increaiing the deatb race or causii^ excessive labour’. Again 
each ayHu and caeh province was retponsable for their »rrionf. under 
the diiDctioa of the profosional road bmldcn wbo did the tutveying and 
gave the instructions and lefr die local groups to complete die job under 
the distant AU-Seeing-Eye of the Inca. 
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[n esencc chese were miltary roidi, bat for pacifiation, oot &r wars 
of conqoeic. Tbe anned police force, dw profisaonal anny, nevcr 
Bumbeced more chaa 10,000. This was sopplemented to oma of daaget 
by a dvilian oulicu, automaticaDy tupplkd by the aylha. 

Just as cetnarkable as the eogiiicering woric was the system of posts. 
Apart from tbe relay pom of the Jus^i. which wete ooe aisd a half miks 
apart (aD each ooutkr waa expeaed to run) tbere were umpu-duina, or 
ions for aavdlcn. The main room of such ao ion was &om 100 to joo 
feet loDg, and )0 to 50 feet wide, wich private apartments adjoLniog and 
continuouily repleaished feod stores. ThcK imis wete buik and lenriced 
by each loåliey and were maintained at the expeose of ihe Inca - a 
ledget’ transaccioQ by which fee mamtenance and supply of the mns 
rated as pan of the work-tervice tax. 

23. WELEABB STATB. A.O. IjOO 

Hk soU beloDged to the commimity of the people, but the metals 
b»«T>Mrh thas soil bclonged to the loca. Since there was no coavenioo of 
that metal mto coinage, 00 one could poesess metal except the Inca, and 
t hftff to whom he del^ated it fet the puiposes of oenamentation of 
tcmples, etc. Thtis, aldiodgh the nobålicy might have the perqaisites of 
t hffr position in the feape of conoibioea, rich clothes and prinody 
.»fuMiAnmin, they had no matecul wealth. They were landlords not 
land-owsets and had tto boarded wealth. 

Prtscoct, who in general josdfied die Conquest for rdtgious and 
ronuntic reaions, was nevertfaeleo cemstnined to ay: 

*If no man could bccome tidi in Peru, ao man could become poor. 
No tpeodchsife could waste his subssance in riotous luxury. No ad- 
venturous schemer could iit^vcrish his femily by the spiiit of 
... No mendicanc was toletated in Peni. When a man 
was tedtKcd to poverty or misfortune ftt could never be by feule) the 
arm ofthelaw was strctched oat to administer relief. Not the stured 
relief of private cfaaihy nor tbat odueh ii doled out from the frozen 
resetvoin of "tbe patith” but in generom measote, biinging no 
bumiliadon to the ol^ect of it and pladng hiro on the level witfa the 
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rat couatrymen,... Ambidoo, avance, the love of ehange, thc 

morbid spiiit of ducooteat, tbose paaont whidi mort agitacc the 

rnindi of men. found no pUce in cbe bosom of the Peruvian,' 

Afier the Cooquest, mit’a, the work serviee-tax of the Incai, became 
foteed Ubour fw the Cooqoermi. tn the land whcte ‘all should wodc; 
none should work coo rouch or too loog‘, the ilave worked a 

cwdvtshour day on a nx-months stretch. In die areas of Lima and 
Chancas the nombcr Peruvian Indiani from i.4$o,ooo in 

I5di to dia.000 in 1734. Men and woraen, yotmg and old, were forccd 
to work in the mines without rat and a peopk whose dvilisatkm had 
made hunger a crime wetc allowed a pint of maize a day. Outside the 
mines, a people -who had sharcd the wealth cd* thc soil bceame dcbt- 
slaves. eventually to be forccd off the land and into the frctories of the 
later industiies. 

Pretcxts for conquests can always be fbund in history - if the history 
is wrhten by the conquerots. But thc toil speab more eloqoently than 
the writieD word: of an Inca population which lived in with 

nature, a pc^uladon probably greater than diat which exbes today. on 
thc same land. using the same waten. None wasin want, where m d li ffm 
ace today impoverished. ftom generation to generation the retources of 
the soil inermsed, where today they are diminished. The of the 

Incas praedsed tfaat philosophy which nys: ‘Live as tbough you would 
die tomorrow; frrm as though you would live for ever.’ 

23. KOU THB INCAS TO THB BSKIMOS 

From the h^ altiCudes to the high latieuda; from the tropical heat 
of the Equator to the snow*<oTetcd barrens of the Arcdc. 

As frr as one can judge. thc Eskimos, as we kuow tbem today, wece 
compandve late<omers to the American cootment - mach later 
duse wbo filtered through to Central and South America. They have, 
however, been there for at least 4,000 years. 

On die Firth River, at a spot about 20 miles from the BeanfoR Sea, 
there is what OtR. MacNeishofthe National Museum of Canada has 



»54 


TBS INHBSITOBS 


olled cbe ‘Gnad Cattnl Starion of die Noctk’. HKTe, at a caribou 
crossng, have found cbe rdics of at least nine difeene culcures. 
Over 8,000 arti&s wete discoveted in ooe leaton't digging > tmpl^ 
mene* ofbone and stooe, Ktapert. anow-beadt and pottciy. Soene were 
in desigD vrieb dioie oaeatthed in eastem Sibetia. This nce had 
obviously been a ftvouriee stopping place fbr a wbole series of great 
migratioQS acrost the Beting Serails and into the western hesnispbere. 
And for a very sunpie reaion: dni, &r uncountable centniies, was vidiere 
die cariboo dect &rded the river. Widi the blind constancy of die 
nacural compulnoos vdiicb renuin die feature of canbou*inigradoas, 
the had difough bere year after year and all that suo* 

cesshre bunten had to do was to wait for tbem. 

Ute 'Grand General Sotkn' had probably been used also by those 
immigrants via the Bering Sttsics, v^o eartier traveUed south to become 
the Swcheni Indtans. But diere art two main migrations of Eskimos. 
They have br-n generalbed in the categories of the ‘Dorsec’ and Thule* 
cultores. The Thules have been regarded as the diiea anceators of die 
preaeat »Irhfm gfa nme autfaorities identify the Thules with the 

Tuniti, wbom the present PfltinM'«« claim to have duplaced. On the odier 
Kunit , audiocities argue diat the Tnnits were in fKt the Dorset 
people. 

An otganised by the Arcée Insdtute of Notdi Amenca, 

together widi the Untversity ofPennsylvania and the Naciooal Museum 
of exeavated a sire at Alamek on the noidiem rip of the 

Mdville PeainsuU where, as at Pingedcalik and at the I^oolik (69* 24' 
noetb, 81*49' '■test) were honeing villages of die Tunits of Eskimo lore. 

Alatnek is aoo tniles nortb of Arctic Circle. There the site revealed 
over aoo bousea boilt in terraced rows. They were rcctangular and quite 
large, twency by fbccy^ve feer, m contrast to the round houies of the 
modem The bousea were beated by stone indoer firej^es 

and were Hghted by ^ Umpt. One can assume that die inbabitants of 
the site alwtys built on the water’s edge and that die bands or terraees of 
'real etate' mdkace seven difTcrent arcas. As the water of the sea re> 
treated, the Esldmoi butli 00 lower ground. The highest row of bouses 
oa temcei was 56 fieet above tbe pce mn t water level and the 
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bwest was M ftet highcr. Drjorgcn Meldgaard ofDeatiurk. of 
tbe expedttiofl. reckoned dm ic would cake tbe tea abouc 2,000 yean to 
recede dm tnuch. Tim would indkate dut Alamek existed as a sotdo- 
meot at kast 3.000 yean ago and U is »giuficant dut. in tbe lower row 
of kouses (neaier the aea) the older impletDcnct and lelka of thc highcr 
fows are found mixed widi 'fbceign* arte&cts - those which had not 
belonged to the ctilcure of the higber seulen. Presumably. therefbre. the 
original pcopk were invaded and displaced by another people and dm 
presumpdon. in tum, lines up with t^ Edrimo lore of die Tunio 
driven out by the anceston of the present Ptlrirrw^ 

24- LOBI OF TBB LONG NICHT 

The Eskimos have had in die past no permanent langu^e - no 
oc nbkcs - but they are great tallcets and chey have, of coune. plenty of 
praebee during the Long Nighc (the sunless winter) so dut their legeods 
are retold &om gesieration to generation aod ate &irly contistcnc 
althougb, of course, they are wcQ embellished with coloorful exag* 
gerattons. 

Througbout the ndiole of the Arene and in Greenland the legend of 
di« Tuntts b wdl repeat e d. Some accounts makf them a race of giams 
C Tuttii’ in Eskiniomeans Tåg’). But their sizeb probablyjast the namral 
cxaggeration of a taee whieb b diminutive itself and would like to riimV 
duc they had beaten bigger fellows. The accounts, however. ^ree dm 
they had eztraordinary screogtb and fketness. Tlus in &ct b suj^iorted 
by material evidence in eady scttletoents. Theb sciength 
to carry great rocks and heavy burdens, and rhwt fieetness wnbUd t hfm 
to chase the caribou dcer oo foot, ountrip them and kill with 
spears. Tbe renuins of ihe early habiutioas certainly include buge toda 
and tfaeie b evidence of thrust-qiean but not of bows and arrows. 

The relics 00 tbe tetreating beaches (as at Alaroek) also usdetlbe the 
storics of the present-day Eskimos about how the Tunits had no boao 
and were walrus-bunters and not whale-huntets. Nor had diey any dogs. 
Stripped of the mythology with which the storics have naturally been 
omamented <- one-kgged, one-anned men; monsten with enormoui 
bellies; one-eyed gobliiu; spirit trappers, lurking tmder the ice; were* 
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wolves and gUnts - tbe iegeods obvtoosly have some cthnic autheii-' 
odty whkfa is ooly oow betng duentangled. 

Among the 3,000 implemom lecovaed at Alatnek were tools, 
wcapooi and artwork from flmr, sbte and waUus ivory. Hiere 
wete DO bows and atrowi but ipean aod hatpoons and no sign of 
boacs. Surpcisingly, thcK were the temains of a few wooden imptc- 
mfn»T One says that k k surptisii^ becausc thcre tt do( a tree within 
800 miles of Alamek at dse present day aod tt tt difficuU to imagine where 
the dcifiwood could have comc from a,ooo or 3,000 yean ^o; and, of 
come, dxre wat not the flotsam and jetsam of wiccked ships from 
which, in recent æntoiies. Eskimos have cootrived wooden implements. 
llttt raites very intensdng speculatioo as to whetber, when diis culture 
diere were trees ^ beyood v^iat is oow the northem limits of 
treo'growmg. 


as. TBi corrsK eskimos 

One whi^ tyndt to coofinn ebat the Dorset and Ttmit peoplc 
were one and d» same wasthae tbe earlypeopkofAIamekburicd their 
d>ad and tned gravel monods the rock borials of the Thule 

Culture. This raises otber interesdog quesdons. For example, the eastem 
Eskimos in Baffitt Island and otber åteas, and die Alaskan Eskitnos, have 
<< i< rwmrphyskal^Bdli"g™«k rhar a amsties from the Central Esbmosi 
a T flan A»t ø more lOtdy to understand the cooversation of the 
Alaskaat tkan die Esldmot in die centre. These Central Eskimos are 
also, on the average, taller and beær looking. Theit ancestots have been 
vaguely described at 'Copper Eakimn« ' and 'Catibou Eskimos'. Such 
namcs are dmcriptive radier tban explanatory. b suggests ratfaer that the 
later migrarift m cravaDed in an aic touth of centre into die eastem 
Arctic, byopaasing a race in the centre. As we have seen in dtscussing the 
of the South, chere b a plausible case that some of the migrations 
out of Asu fridtCT away dun Mongolia (fr« example, the Iranian 
plateau) and were of a type, at Icast iligjidy difrercntiated from the 
sliotter, sqoacter, heavily Udded Mongolt. Thb migbt explain tbe Tunite 
and die di&cences in die Central Eskimos who nuy be the survivocs of 
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tbe Donet Culture, and not, as lome have suggestcd, ofa latet 
whicb timp}y filcered tnto tfae centre. 

At the tip of the Melville Peninjula, near Igloolik. Atat ut lome 
tyi^ Thule housei built from stoties and whalebone. I saw nich homes 
much frfther north oa Cornwallis bland. In tbe pernufraic fotmdadotu 
of one house at Igloolik was £bund a store of froaen refrigented 
eounticsi centuries ago. The Fakimfw. who have penodtcaQyexcavated 
such whalebone housca to get weathercd whalebooe as sletgb^oetngs, 
daim that the Tuaiis did not use the booes of whalet, which they could 
not hunt witbout boets, and this would appear to be another argument 
wby the Tunits were the Donet Culture people, and not the lea-going 
whele-hunting Thules. 

Histodcally and geographieaSy thete bat been a clear dividn^ line 
becweai the Eskimos and the Indians, It u the ttee>line. That is where 

tbe fbrest ends. Tbe trees thin out and shrinkuntil, at someone has nid. 

they ‘get down on their knees and crawl’. ^Tillows become vina creep* 
ing over tbe groitnd. And finally they disappeax altogethcr. 

This tree-line wanden very erratwally tcross C-anada ftom withia a 

frw miles of tfae Arcdc Seam Alaska and the Yukon to laåtudes South of 

Chat of Edinbutgh on the Hudton Bay and Labrador »de. Bcyood dut 
tree-line, to tfae notdu lie tbe Barrens, tfae great tnow desem which 
have been the habitat of the Eskimos. Rardy, if ever, have tbe 
ventured beyood the fbrest line and just as ratdy have the 
ventuted mto tfae Banens. When euher has done so - in pursuit of the 
caribou, for example - tbere have been conflicta. And as frr as orse can 
judge from the accounts, the Eskimos have invatiably lost, or at kast 
have recreated befbre tfae Indianf, This is remarkable since the BfUmoi 
are a people of extraordinary courage; but they are abo a people who 
have DO word in their language fer ‘war’ or for ‘bankt’. Thoæ who 
admire tbe Eskimos (and I am one) would like to tbink that one of dse 
reasoos why the Eskimos have perssted as the peopk of the Barrens 
instead of migrating south like the ochec Indians b due to chu peaceful 
duracteristic af chein which made tbem prefer their own bfr CO confiict 
or impodng their will by force on others. 
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36 . SrONB BCI MICHANICS 


One *«ng is maai&idy troe: thit their lifé in the Barrou ind in the 
Arcdc biiiids his cooden^ tbem for thoosinds of yan to an existoicc 
whidi lus bizardous and precatious. It has kept dsea a hunting 
people. In pam of die Arctsc die twentiedi ccatuty wa$ eontemporary 
wUh the Eskimo Stonc Age. Around the coaits, Hudaon Bay, Baffin 
etc., and in Gfcenland and Alaska, the Eskimos had bad contact 
with die Whitc Man fbe sevecal ceaturics - the iisbcn, the whalets and 
the lealen. Bot, in the centre, maay of the Esldmos had never met a 


whise until thirty years ago. 

1 myidf know Esldiaos who dnity years ago were Lying complctely 
iadie Stonc Age. Aboot that dme the Hudson Bay fur traden, foUowed. 
as always. by the missiooaria made their fim coatacts with these people. 
They we« honten of the earibou. the musk-ox, the walius, the seal and 
dtf whale, and they hunted tbem with weapons which ihcy had to 

coatrive out of diÆculc matoiak 

The E fVimn bow was a powetfiil weapon, It was made in seedons. 
in tome cases diey wcmld talte matching anden and joih tbem with a 
third section which they would rwe* with bone. Dccr anew was 
stretthed along the opper and lower lida and the whok boand with 
nocw. Assothcf typieal wnion was the laminated bow. This would 

eoosist of a long strip ofbone to form the upp« and lower sur&ces, with 

ihocter tecdonal leogtht ttndwiched in betweeo. Hiis would be inter- 

latded with sinew; bomd with linew, and with smew as the bow-ttting. 


They made the beitoftbematciialeduch they had available and. tf in 
bter they found jetsam with naib, they would ose diem as metal 


nrets. The Eskimos ate masten of improv i sation. 


Having no metals (excepe for tome natrre copper along Coppermine 
River in the Central Arctic) they were wondfffol arrificers in bo«. 
Their tnow-knives, fi» slicing the blodts of mow to nuke thetc igloos. 
were like scimitan tusks; dieir hammen werc deer 

anden with the blunted. Tbey contrived harpoons and fidi hooks 

out of bone. They their basini for didr oil bmps out of 
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soapstooe and tipped their tpean with or flint. 

To reduce tbe bliadliog glare of tbe ton on cbe whice now cbey made 
»pe ct a cl q of walrm bone in whicb narrow dita (abont aa dghdi ofan 
inch broad and an inch lon^ wete cat. k ii renurkabk kow effective 
duae slit>tpectades are. They give a sotpcuing range of vision while 
reducii^ the glare, and have advantages over snow glasta of sophisti- 
cated modem types. On my Arctic travelj I (bund coovendonal gU«... 
quueuscleobecauKchebreath&eezoonthelentand blacka.«ut vttioa. 
Havxng tried the Eskimo bone type and being iinable to beg. bociow 
orstealasetiltookapair of tun glasaes, cut similar slib out of the plastic 
leiu with a razor blade and covered the lens with surgical sticking platter. 
The result was ciuirdy efléctive and. what is more, I got my companiont 

to autt^ph the spectades, as if sigtung a pUttet*cast, and I cot^ con- 
templace the Arctic through my fricnds. 


27. SHOW XKCIHISBS 

Although it is obvious that the Eskimos at vatious tima have con- 
trired houtcs out of stooe, turf and the skdetoos of whalo, the igioo, 
the domed snow house, is cfaeir architecniral adiievemenc. As snow- 
engineers they are superb. The technique consists of flnding a patdi of 
firm snow, of depth and consisteney, and marking out in U the drcum- 
(éretice of the igloo. With their snow knives they cut snow bW ki and 
remove them by the simple device of using the toe of their mulduk as 
a wedge and splitting the snow along the lower plane. Hiey chen 
arrangc the blockt in a drcle - cutting them always fiom inside the 

intended mow house. When the waD is of three or four blocks high they 

sliee it do>vn like a curving transom. 00 whkh they lay the oext snow 
blocks so that they coil into a ipiraL In this beehive structure tbere 
tenuins cventually a gap at the susimit of tbe dorne, for w^iich they 
fashioD a key-block, which locks tbe wbole structure into position. They 
£11 the intersti ce t between the biodu with snow. 

The builder has ’boilt himself in'. At the base of the wall he cuts him- 
self an escape hatch, whicb becomes the door, from whsdi he constructs 
a dog 4 egged tunnel, with its oudet ramcd away firom the prevailing 
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wtod. Insiie, tlu removal of die toow blodc bu tc& «semi-drcuUr piL 
Tlu remaiiiiiig are it builc up inco a snow bed oa whkb u laid tbick 
laym of fur od wbich du Eddmo funily nts oc liet with thdr legt 
stretdud out to eau du biood drculadon. The pit trapt the draughs. 
The heat of the itoves and of du human bodks keept the i^oo tcaion> 
ably warm. Thit sorpritet oaly diote peoplc wbo dunk of the igloo at 
ao ico^iouK, inttead of a tnow^howe - forgetting tbat the snow is full 
of ait which aco as an in fnlamr agaiast the cold outside. 

One of die tticki whkh is played on a tenderfoot caking the Atcdc 
Survival Coueu b to put him into an igloo built by an Eskimo guide 
with grim vnmings ofcarbw monoxide poiioning from the stove, 
leave him to vendlate it. Invariably the novice ctus a bole in du apex of 
du and duo bimtclfin the middic of du night gaxiiig at an 
opm expanse cd'sky. The reason b thac the beat gencnted in tbe igloo 
zooms through die hole and by mdong du snow. enlaiges it. No 
would make cfaat mistake; he makes the vendladng hole well 
down tbe cnrve of the Wall where du upper hot air mixcs with the cold 
drai^ts from du doorway and goes out co^ 

Igbos can be very comxnodious and eight to ten fcet high. but abo. 
of ooone, duy can be built in serks and jråud by snow-oinneU. A 
frmsly can inhabit one fbc du whole of du winter bue it b no great 
harddiip for an F-«tinvi to lebuild an igloo - otu of my guides, andd- 
p>it>ng a blizzard. built a snow^touse in thirty-five minutes. 

In modem Atctic setdements, incomcn devise all kinds of structnret 
to the cooditions. but in du end duy come back to die dorne, 
wheduc duy uu modem plastic matcrials or not, because manifrtdy 
the oeperieoce of ceotucies must have sonu vaHdity. 

Similarly with dodus. As hunters, du Eskimos hid no frbrics and no 
alternative to pdls as a form of clothing. Thcy irtived at du most 
cfréctive answcr. Huir iiuur shiio and pants were &shio«ud from tbe 
sofr lun of du deer-frun, with du frit tumed to tbe dcin. Theit outer 
ganneots wcre of caribou, widi du fur outwatds. Their boots 
were seal-daa. whidi gave t gtip upon du snow. fur hoods provided 
tbe headgear, and r rim™»e* wolveniu aconnd the hood provided 
protecdoQ Uizzards, because dus frir has a pccnliar quality of 
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Kolding tbe snow and iioaen bceatli lootely w tbe thake oTtbe bead can 

get rid of it AU dotba wcre Ioo$e. 

When Whue Man <yt compelled to go to the Arctic and had to dresi 

for the cowimooi, tbey naturaby re^ded thc Eakimo dttsi as prittitiw. 

Tbey invcnted Arctic outfita. One type coiuutcd of a kind of boiler luit 
made of nylon fir, widi zippert. The result was disascrous becau« tbc 
ztppers froze and the victimi found thenBelves sealed in tbeii suits aod 
stewing like a caiserole in Aeir own body juices. (Thai b somediing one 
teams in the Aroic: that more dangeious even than the below-xero 
extemal tcmperatora is ooe's own body hean A sharp wlxsd, and tbe 
result can be dcadly.) So tbey bad to learn that the ‘slof^’ loose-iitttng 
doehes of the Eskimo had die tinctioit of Ae wisdom of 
When an Eskimo, nznning after his dog team, finds himself g^n g 
overheaced. aUhehastodoistodapAe tlack hcm of his parlu and bu 
body*steam escapes through his loose eoUar. 

This soit of Aing, and much ebe, newcomeis to tbe Arctic lesm by 
bitter experience. That b why Ae Eskiino b entitled to caU himself 
ifMUiir, the Real Man. as far as hu fåmiliat Arctic b coneetned. 

aS. WHIT8 man’s ?Ar 

Herc u a race whieh has never had the mstetial ooncomitants of a 
setded civilbation - no accesiible metab to bring out of the Stone 
Age and oo crops Aiou^ whieh they could ^ve become rillen. In* 
sriocrively they have used as food pUnci, whkh, though scarce, gtow 
m Ae summer mondu. Thor only fruit was bilbctries - die one thin g 
whieh wouU give tbem sugar. (Tbey are, as £sr as I can judge, almost 
the only race wdiicb has never had an indigenous fonn of fémunted 
drink, because they had no loutce of plant carbohydrate and, in the 
asepcic cold of the NorA, no micro-organisnu to prodtsoe férmencs.) 
Theu food, Aetefore was enuely animal. but tt roeant diat they took 
their body tugars m tbe form of fåts and had all their vitamins already 
packaged. HA oils, for exam^ stored the summer suolighc in tbe 
form of Vitamin D. Theb primitive fbod ecology might have been 
bazaidous - feast ot &mme - but it was adapted to tbem and to A^r 
condirioos. Their eyesight was the finest in dic wotld (it had to be to 
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surrire in the Bairem) and dwc teeth wete the finest in die worU; this 
wu due in part to cbe conpactmg of tbeir teetb by the hird wotk they 
gave chem: the woosen duwed che pclts to sofiea cbemi the men held 
tbeir implements in ihctr jawa, and all of them had to chew raw meats 
andfidi. 

On a TT»edie«l tour of dw Arctic. I travelled with a fiying dcntist In 
hil temporary nirgetiet the ooly dental trouUes which he coold find in 
anyone above teenage were traomatk •' a broken tooth - bot no caries. 
In die old people teeth were wom down Hke those of an old dog. 
As t looked at the heazt-shaped fiKcs of che yotng Eskimos, I asieed hin 
when the bone fonnatioa ståsted to efaange to prodnce the squaie jaws 
of die «diilw He pointed out dut ehere tru no bone change; that the 
squaraiea was endrely due to the devdopmeat of die muades - because 
riv-y nsed thår jawi as a third arm to hold their snow knives, their fish 
lines and even dieir dog rdns. 

Among the young, however, there was evidence of caries and cven 
of åc&cdvt eyea^c. Invatiably the case history showed dut the 
youngsten had bm to smsåoa schools whete they bad had Whitc 
Mast s diet This is becoming increassogly true of die adult population 
as wdL Tliey have acquired a taste fbt ‘Whice Man's Pap' - flour, stigar, 
hrd asid goods. They have aho acquircd a taste fiir ‘hard liquor'. 

They have oontfived own helUsh brew - usng dried fitsiB and 
baket't yeast to ferment a hooch which has fiital results. 

The life of the Esbmo has draiåcally ehinged in this cenmry. Althoagh 
dure vrere dte early cootacts widt die White Man around the coasts, 
the tasodaxkan were through hundng and fishing - things they under* 
stood. Then White women discovered a lilring fer whitc fox fisr. This 
u die only fiir of ihc Eskimo’i Arctic. The vogue produced 

a revolution in die Eskimo way of Itfe. The traden pentiaded them to 
become trappen and, cotuequently, to rednce dieir hunting. From their 
trap bues t^ cotsld ger du fim and, accordingly, the credits which 
cooU obtain Ibr dimi die stoie-foods and itoro-goodL They could have 
guns to shfif honting easicr and, kter, they codd have outboard 
moton to snake their fishing and sa*huntiDg easier. They did not have 
to go ranging fix hundredi of miles ia search of cariboo. They could stay 
neaxet to elwif trap lines, to che settlements and to the fur-posts. 



Tat tiiDca 


163 

It all depcnaea ott tbe value of tLe white fox. Before they mHied 
dut, howwer, the Rdrim o wai already cxugbt up n Whitc Man’» 

ccooomy and had beeome tbe vicdmof iLiewMhardfor tbeEtkimo 

toundentand thatawhucfoxforwotthfifieendoUanatthejtoreooe 
year was worth ooly feur doUan the neact. It was Doc eaiy for the tnden 
to explain to him dut hi* fkmily had to go hungry becaw the whim of 

the White women, thouandt of milcj away, had changcd towardi the 

white fex. Thcoretkally he »uld go back to the hunt, but it WM not *0 

simple. The ^ had given him a quicher and nirer of lollisg the 

caribou, but in a buntiiig ccooomy that can be a very bad thing. The 

nussaae which prodtKs the £ust of ooe teason can produce the femine 

of the nexL At the bcgmntng of the century the caribou population 
langing ovet 600,000 square miles of the Caiudiaii Noeth was 
at i,750>o»; today it is offidally redtoned at about 3»,o». 

The Eskimos in Greenlind have had contact with the Dines tince the 
tendi eentory when Eric the Red fim called it by dut naoie. and when 
perhaps, at least in the South, it was a‘greenland’. But the doser assoda- 
tion. wfaich now xndodes Eskimos in the pariianunt ofDenmark, 
back about 150 years. The tesult b that very fcw of the or^tul stram 
of Esld mo i now exut and the otbets called themselves ’Greenlanders’ 
and not Eskimos. 

Sometbing similar happened in the westera Arcdc when the 
Americans took over Alaska firom the Ruisunt. 

39. STOKS ACl ATOMICS 

The Eskimos who have been leas exposed, uncQ recent dmes, to 
White Men’s cultutal inlluenccs, are the to,o» or so of ebe r'3n..tUw 
North. Now the impaa has bit them and bit chem hard. Tbey have. in 
the Space of a »uple of genendoos. stepped out of the Stooe Age toto 
die Atomic Age. The grandson of die spear-hunter of durty yeati ago 
may sdll use hu ancestral sledges and dog teams on hb treks aerois the 
snow-deseit, hut he takes with him a geiger counter to find uramum. 
and a wiieless teceivet to keep in touch with the news. and with the 
sojJusdcamd music of the modem wodd of wfaich he feeb hinuelf in- 
escapably part. The Eskimo child, thougb he may never have seen a 
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wheded vehide, like a tnin ot mocor-car ot a band-cait, can ulendfy 
the tTpes of aiccnft flying overheai The hanter-oapp" 7““ 

ago has discovered hinniJf, and has bcen dbcovcfcd, to be a fim-cUss 
inechaaic. 

He bdoogs co our mcdunical timei because he is (he beir to his 
ancestral totrifkfw. To SOTvire io dw Arctk he had to have a blue-print 
mttul, ceoording subcomdoudy die vesdgcs of his snow-eoveted laod- 
acape. He poeieased also chose manipuladve doger sidUs which made his 

aoceston the matters of UI^>covuaQOlL The combmation made him a 
'natural' u a mechanic. 

This m tams of the Bikimo, dut we have a faa whkh has 
eulturally leap^ogged aD thoie phases whkh we have ttaccd ia the 
development of odier civilisations. We most nuke do mistake about it: 
the a« a dviliscd people, akhougb theif cnlture has not given 

matcfial exptcwon to diii. I£ at it mnst. the Fnwcn Noeth is to becomc 
partof out habitablc and devekped wodd, it can otJy be by a consckus 

pannenhip becween Irnmit and KahlMite, bctween the Real Man and 

the White Man. bceaute both a« taking ihort cuo in dte Arctk and will 

lose dieit way withoot each otfaet s experiena and help. 

Pedups we can find tome con&dence and reassuiana in the £sa that 
the hest of die Senate of the new State of Alaska was an 

Eskimo. 
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Hobnaib of Chiualry 

ICiag Aidwi‘t fwoRl. EsoKbur. 

Wroo^t by the loocty of ifae T.tV *. 

Niae yous Ae wtot^ k, aning kk dte decf« 
UpOQ the bidden hues of ifae hOb.' 

M»rttfi4rtbrby lOID TIMKYION 


I. COLTOBAL CUMMIKBOND 

By the year 500 s.c. civilisation, ia die tense of dty-coltures, cxteaded 
watwards from the China Sea to the Atlantic and. if we are to believe 
che evtdeace of the Mayan calcsdan. to Central Ametica as well. It was 
a kind of coltural cummerbund, roand the waist of the globe. North 
and south of it tbete were still the barbarian peoples. 

The character of die dvilisations, however, bat drasticaDy chaaged 
we left them in tbe Bronze Age, or, as one migbt call it, che Sod- 
City Age. The dty-cultores of die allovial pkint had waxed and waned. 
The andentdticsofthe West, thougfa not tboeeof China, seemedtohave 
lost any capadty for progtesi and had bccomc ineteaan^y 
Tbey had in låct reached die hmia of thdr technology and were ehe 
hosuges of theii envirooment. Although the framework of dvitiaed 
lile was maiwrained, the cnfts, ait and literaturc had beconie cooveo- 
donalised and religion, ndikh had patsed through che stage of rational 
compromisc with nature, bad become buried in an man of 

ritual and h ad , in het, reverted to supenddon. Mueh had bees lost and 
forgottoi and attronomical obeenniion, which had been kept up and 
had been developed, had beea cottupted into astrology, and die sdeaecs 
had increasingly become cults. 
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The other cotrupdng mflueoce - whidi was to beoome even wone 
ID civiltttdoDS vhkh succeedcd them > had heen the increasing un> 
portance of sUvcry. SUve-oiding upoa other dties, or more eanly and 
prohtahly, upoa barbariu tribe«, had become aa accepted practice. The 
fTcirtMige of the laodlen and rightlesa tlaves bad a setiow eSect oo the 
cooditions of (be &ee worken. In compedtion with ilave labout the 
peatants and the crafonien had httle incenthre to improve thdr tech- 
niqnes and the growing opper dan treated all three rlaitei a* menialt. 
There wai a iqnraoon of brain-ariitocracr aod the tuling nobilicy 
from the practical problems of bring. Mathematics, astronomy and 
tnedifing wet« iodulged tn as jntellectml cxexdies, althoagh, as we 
hare teen, tbey detired from the observations and expedieno of those 
who had woth to do. Moreover, the e&cts of slavery undermtned the 
seooricy of the dty<akorca. The more a city depended on slaves, the 
len ir was able to deiéod iodf. Oppresaed fieemen and depressed slavet 
had bttle to gain or to loae by die change of masten » bke the Jewish 
tlaves in Babyloa, welcoming Cynis as a bbetator. 

The great revoludooary fretor, bowever, in the change in the 
rhawftfr of the civilisadons was the introduetkn of iron. The wide- 
sptead availal^ty of a "*»1, moch more common than copper or gold 
or tin, changed die coaditioat of war by providing weapons more 
readily. The war-like aspects of itoa. bowever, were almoit inridcnral 
to ibe chai^ in tecfanology whsefa occuzTed. It opened up wbole new 
areas to agtieukore. The ^ is coo often overiooked. 

fal the alluvial plains, the open lands of silt-deposited soil, culdvadoa 
was reladvely widi woodea implemcnts. Coodittou were vasdy 
(faferent in the itony upiinds of Asia Minor or in the forest belo of 
Central and Nottfaem Europe. The eatUer uses of metal had been 
essentially fr>r the luzury producti of dty lifr and fr>c anning the body¬ 
guards of the arittooacy. Bronze bad always been too ocpeniive for 
oedmary people who had hid to rely for the most part oo stone implo- 
ments from theii Stone Age anceitort. Iron, bowever, althou^ at frnt 
infoior to bronze, CDuld be øiined locaOy and worked by village smiths. 

The efiwt of the abundance of die metal was to open up whole new 
to agriculcure. Porests were axed, swimps were ipado<dfamed 


BOBNAILS or CaiTALXT 


167 

and the retalring dearingt could be 
plou^ud. The rocky upluds, ^duch 
would have defat e d the retourcei of 
the earliet peasano, could now be 
mastcted with itoD-tbod unpletaents. 
Europe could now ^ wheac 

land. 

This had <juice a drasttc e&ct tn 
altering the b a l a nce of power bctwecn 
the dry fiuming of the western coon- 
triet and the irrigatioa culdvaBom of 
the east. Apart from the expansion 
nocthwardt, with culdvacion in the 
dearingt of the European forestå, the 
iron revolution was important evcn on 
the doorstep of the ancient civilisatioixs. 

One does not usuaOy tfairtk of the 
efiectsofiroD 00 the shipping of these ancient times. We rbinV of iron 
in terms of the iron sbips of the nineteenth century. But the eSéct of the 
new tooh in the shaping and building of slups drasrically altered the 
geogtapby of the andefic worid. 

3. TtOJAN aOASB'TKADIlS 

We have seen bow the Cretans had talten the initiative in shipbuild- 
ing in eariier time. The breakittg up of dteir sea empire, firsc by Uiid-> 
based Mycenaeans and latcr by the Achaeans from the Balkans, was a 
sign for psncy and the of cities by Iron Age barbarians. This, of 

course, was the mglorious story of Troy whkh Homer madf glorious. 
When Helen’s face ’kunched a thoutand ships’ and gave ui the grcat 
romandc story of The IJuJ, ir was no more chan pillage and counter- 
pillage. The rude anceston of what we call the ‘dassical Greeks' had 
setded on the inhospitable Ulands and on dte mainland of Thtace and 
Asta Minor. They had alteady theii god Hephaeseus, latcr the Romans* 
Vulcan, as their deified form of the ironsmith. Ships had broughc these 
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ulanden of Lcraot into conflirf, and oo occasåoo combinatioo, with 
ocfa ocbcr. The excavations of Ttoy have given histoncal aubstance to 
the Hornene legende, but it U a hbtory of a daah of petty dueé and 
brigand lords. However, pillage and piiacy not ooly strengthened the 
tcaources of dse Islands; chey created, in the Levant. die tcchnique of 
sea-crade. 

From die hintetland of the older dviliaarions came new Iran Age 
peoplea. The Hiitites, the Assytiaiu, the Midianites, and, as wc have seen. 
the Petsåns, fbund the eiiéte dty-culcuRS of Mesopotamia and tbe Nik 
an easy prey. The Iron Age ako comdded widi the dcvelopment of the 
cavalry horse among the peopk of die steppes - the barbamns on the 
ootddttt of åvilisattoa. 

The giowth of inaritiinc dnes and of se»-gdng peopics, like the 
Phoenidans, meant colonintion along the vrholc of die Mediter- 
lanean and adventures at &r ahdd as Comwall, in distant Britain. In 
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600 i.c Necho n. OM of die last of die nadve Egypeian Phaiaohs, com- 
a Captain of die Phoenidans, whoae thips by dus dme wete 
stadoned in dK Gulf of Snex. to tail around the coodnent of Africa. 
According to Herodotus. dus remarkable joumey took three yean. 
Anochec CarthagmiaD, Hanno, made a voyage aloi^ the tiorth>west 
and West coast of A&ica about $ao (.C. with a Heet of sixty thips. 

3. BAST UOVBS VB8T 

Carthage was ibunded hy the Phoenidans aboot Saa B.C or soine 
seventy yeais befxe the founding of Rome by the Etruscans in 733 &.C 
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{Tlus taiscs tbe long^jebiated questic«! as to wbether cbe Etruscans were 
not tbenueJva PEoenidans.) The Phoaudaits &oin Tyte and Sid» 
had already fouoded, in iioo B.C., the dcy of Utka, wbich occufåed a 
stte at the mouth of che Magada River in nocth-«ast Toniaa. Other 
dcies feundcd by dtemaboue the same time were lixus, on tbe Moroccan 
coast, and Cadiz, in soothern Spain. Then in an upheaval in Tyre fm 
S 32 B.C) a party ofref^^eca fled under dte leadenhip ofa princeø called 
Elissai. She was the daughtet of the kiag of Tyre and has been identified 



Gstenuac Canbage 


a$ Dido, ladso was immortaJised for us by \^tgiL She is satd to have fled 
firøm her aadve dty after Ikt brotfaer, on succeeding to the theone, had 
muidered her husband for the sake of his wealtL Vlrgil tells tbe story of 
Aeneas and his fbllowers escaping &om butning Troy and making thdr 
way to the coast of Afnca. He telh of die meeting between Dido and 
Aeneas; how she féO madly in love witfa him and how, wbea be cante 
to return to Greece, she bmlt a great {unctal pyre and destroyed hecself. 
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This is poetic Uoence wiih history, for Troy mnst have been 
icstfoyed at ks« 3 «> y«»* 

In thc bepwnng, Ae Carrhaginians and the Ettuscans wcre dojc 

alH«. so ra foct. that Ariitotk alleges Alt they had æmbii^ 

desttoy Greeee. The fim tteaty of fiiendship between Carthage and Ae 

Rome of the Etnacans is said to have been signed in 509 B.C. and, aecord- 

ing to livy, a Cg"*»«g^n«»n embassy came to Romc in 340 B.C. Thitty 
yean lat« the Bertiscaas wete defcated in naval batde by the Gtcdc 
calonists of Sytacoseae Ae same time as Ae Gauls invatW Iialy firom 
Ae norA. Etniscan powet vaniAcd. Ae Romans, oc Latins, emerged 

as Ae nusters of Ittly. and Carthage not oidy lost an aUy but disc^ 

an enemy. 

Around joo ».C. Carthage was a metropolis of grandeur and pomp. 

U cootained a gteat fortreas, imposing temples and nuny magmficent 

poUkbuildingaltwaiendrcledbyatriplelincoffortifieadoiaandim- 
mediatdy above Ae towering walb werc tows of tall housei si* storcys 

hish oneith«ådeofAreestreetswhiAleddovmtoAeharboors.Its 
^hs had beautifiil villai andlovdy gardens. Ae homes of piosperous 
æaritime naders. Its populatioa numbered more Aan 70.000. It had 
Kbraries, ba d«, cesuurants and Aeatrea. 

4. GAXDBN OP THB HBSFXBlDBS 

We have come to acsept NorA Africa as Ae ftinge of Ae desert bat. 

mAeAysofCarAage.AcAaraa«ofAehintcrUnd must have beeti 

very dxftrcni. MyAology makes it so. The Garden of Ae Hespendes. 

wbere. as hhElevenAUbour.Herculesslew thc dragon se that hecould 

sceal Ae golden applei ‘m the land for away m Ae w-est w^rc Ae sun 

æts’, has been identified wiA Ae presem oani of Gafia. This liei to Ae 

souA of Carthage Cranø) and sdll soppliei a Uvelihood for u.000 

people. The iiland of Ae lotus-eacen of 7 V Odyssry il bdieved to have 
Coi Ae island of Dj«ba, just off the eoast, m the Golf of Gabes. These 
Ulda between Greek mythokgy and Ae Phoenkian tradmg posts show 
how boA Ae seaforing rurioos of Ae Levant we« compedton for rich 

prizes m wfaat we iww might regatd as an inhospitable part of Ae 
Mediterranean. 
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Pecfaaps thc dw Iks in tfae eatly PkocnicuD tetdements of Lepds 
(latecLeptu MAgnaofthcRonunsuul Horns oftodsy) Uai'(Utet Oea, 
and oow Tripol^ and Sabrodka. Tbese woe tnding posts. Lepeb bad a 
good aneborage at thc moutb of Wadi Lebda and a fertile aiea in Wadi 
Caam to feed ic. Uai' stood (as TripoH does today) at dkc mootb of 
Wadi Mejento, with a protecåve reef as a roadstead for ships and 
agricuboral land atound. Sabradu was establisbed at tbe bead of an 
imporcant trade loute 'wbicb camc up to thc coast through Gadama. 
The deep indent in tbe Nonh Afeican coast 4 ioe made tbose three 
’emporia’ tfaat mueh doser to dkc Afeican tnteiior, wfaete gold, ivory, 
ostridk plumes and Nubian slaves and otber commodities prired in the 
Levant were abundane. 

But how were tbose trade-routes into the interior possible? There 
was tbe Sahara in between and do ‘ships of the desert’. 

Sir Julian Ha>åef,iaFnmanAitti^LatJ. points out: 

'It b a curious feet that tbe cainel does not seem to have beeo regi>> 
larly employed as a beast of burden tn the Nile Valley ontU about 
300 S.C. though camcls had, of coune, been tiied in desm caravans in 
Arabu and Mesopotamia feom tbe dme of Abtahain and eatlier. It u 
still more curious duc camdt were not known in Nortb Afeica proper 
uittil tbe beginning of our era. We ksow that Marius, just before 
100 8 .C., used bones m bu campaign against Jugurtha, which be 
certainly would not have done ifeameb had bccnavailable and SaQost 
records that die ferst time Roman soldicn ever aw caioeb was in 
Asia Minor when LueuOus was %hting Mithridates between 88 and 
8 a B.C. Somehow cameb reached Afeica by 46 B.c, ibt in that yeai 
Caesar capnired a sco« feom Juba at Thapsø but they did not 
become abundant there until tbe 4tb century aj>.' 

Yet in the dgheh century B.C. when Carthage had gained soveretgncy 
over the three ports, Lepds, Uai* and Sabratha, they were sea-ootlets 
for tbe overland trade-routes to Eqoatorial Afeica. Wichout cameb, tbe 
txaffic must have been ebber by human porterage. by donkeys, by 
horses, or perhapt, by the long-homed catde of du Garamencs of tbe 
Fezzan. In any case, they could not have gone long dittanca witbout 
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water and feod. (The donkey is capahic oT goii^ feur days, inaximom, 
wichout water. compared witls fee camd't cwdve.) The ooly possible 
gTplanano B b that the Saharaa water-holes aad oases of vegetadon werc 
mudi doser t^ether thaa they are today. 

J. HANNISAL's BLtTBANTS 

Hære are other presumpbons to support the view tbat North Aéica 
was ooc as deaiccatcd in CafAaginaan lunes as k is today. 

On a twentietb-eetitury Sabaran expediium, I wenc armed wkh an 
apparoidy fetuoui quesdoa: ‘Wbcre did Hannibal get hb clephants?’ 
But it was a heads-or-tai]s-I>wm qaesdon; it could not go wroag. 

Hannibal's depbants bad always fudnated me since 1 first eocountered 
dwn iQ cbe dassTOom and leamed bow diey scarcd tbe Romans whcn 
tbey esnv; trampbng out of tbe snows of tbe Alps through tbe back 
door into lealy. How did tbe Cartbaginians acquire feose primitive 
‘tanks’? 

If tbey got them from Asia (b«ause some people suggest, against 
modem expcrience tn tbe Congo and in zoos, that the Afrkan version 
oould not have been tamed for batde pttiposo) bow did tbey transport 
feem? If tbey werc nurdted from Asia, tben tbe deserts of fee Middle 
Bast mitu have beat difiéteoc. If, on tbe ofeer band, tbey were a tamed 
veaion of tbe Afrkan spedes from Central Afrka, feen fee Sahara 
could not have been what k is today -> tbe clephants could not have 
travened fee p re se nt distances between tbe oases. If feey were brougbt 
from East Afrka op fee NUe, feen fee Western aod Libyan Deserts 
could not have been cbe feicsty places feey are now. Lastly. if Hannibal 
feond feem in bis *own bade yard’, tn Nortb Afrka, wbai is now desat 
mist have been forex or jungle. So wbateva answa I got, the simplest 
muu be, *1116 deserts were difierent'. 

Amusm^y, feat qaestkm, 'Wherc did Hannibal ga his clephants?’ 
was tbe password wbidi gained me fee freedom of the Frencfa Sabata. 
I bad to ga fee permisrion of cbe mibeary conunander ae Colomb 
Béchar. It was a ‘fem’ interview wkb a poka-freed ‘biass-bat’. Then, 
in despair, I asked fee questkm. It was bkc removing fee ofa dark 
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lantcm. His f»a lir up. He bouoded from his dok to the opcatioiul 
nup 00 tbe waJ] and aid, just. ti!’ Hc went back to liis desk. puUcd 
opcn a drawcr and produced a manuscripc - art accoimt by Siictonius 

Pauhnus, who. before hc became ihe gcTKral wbobca che British Qoeen 

Boadicea. had bccn a miiitary intelligence officer in Afrka and had 
wricten, in a.d. 47. about the great Fotot of the Guit, describiag the 
dcfdunts. lions and othet wild beasts which inhabited it The Com- 
manding Officer, in his eathutiasm to convinoe mc, immediatdy ordcred 
a command car and an eicort and sem mc off to Fort Abadla, the 
miiitary post in the Guir, a desm eodave which thnws into tbc 
mountains of Morocco. 

There lasked the same quotioa of the commander. who was as great 
an elephant enthusiast as his superior. He was equ^ emphatic that 
Hannibal had got his eicphants from Nonh Africa. I asked him what had 
happened to the forest. He led me to an embrasure from which wc eould 
scc noching but desert dcaolation and he pointed to a hift-iop on which 
was a whitc dorne. That, he eatpiained, was the tomb of Sidi Tayeb, 
a powerful Mc»lcm holy man, or omahiMiL I gathered diae Sidi Tayeb 
was a Idnd of Aiab St Patrick. Backed up by another tnanuscript 
produced from another desk in anodiet militaty command post. he 
explained that Taj«b was bitten by a boroed vipet in the Forot of the 

Guir, and as he lay dying he invoked AUah and cried 10 all the aaimali 

in the forest, ‘I ordet you at once to leave the t^on of the Guir which I 
take under my peoteetion.’ And withia six days of his death aQ the 
eicphants, lions and repdles bad vantshed into obhvion. 

But the rcaDy important part of the legend was in the tailpiece: 'And 
his foUowets to whom he beqocadted the fotcsi cat il down.’ Vnt, I 
was to find in all my joumeys through North Africa, was the litany of 
the nun^made desert. ’They cut it down.’ 

The legend of Sidi Tayeb beloogi i,aoo yean after Hannibal, but it 
help« to confitm the assumption that in Carth^iaun npw« the v^eta- 
don of North Africa was more aboodant than it is coday. Yet, alebough 

the forests must have modiCed the dimate to »orne extene, there is ocher 
evidence chac, by andlarge. thebasicclinute wasmuchtbesameasii is 
»day-ihat the peopk of thosc times were coping with conditiens which 
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node irrigatioB and water cwserradcm ineasura secesary. Bot tbe 
Carthaginians were not coeipicuoudy an agricultuxal pcople udoI tbc 
by tbe Romans in dte Second Puoic War drove dum out of the 
Meditemncan as tråden. Hun tbey tumed upon dieir hinterlaad with 
a diorooghnesi which made thon du ouestanding agimomutt of 
andeot times. Tbeir wadi coltivation mediods gave yields of grain as 
hi gti as dio»e of the aDuvial plams of Babylonia. Moreover, as weU- 
tnvelled and obtervant people, dsey had boctowed experience from as 
frr away u the Indos and d^ great cootribution wos tbe introdoctioa 
of scsenofrc frrmc-farniing. Hiey bmoght into Noith Aftiea the almond. 
du fig, dte die pomegnnate, the vine and die olive. And theit 
agiicultural pro sp ctity to exctted the envy of tbe Ronuiu that they 
destroyed Caithage but borro wed tbeir Pbocnidaa agticultural niethods. 

6. ODTSSIOS, THB PLOUCHMAN 

TheadveuoftbelronAgemeasudKretumtosmalleT-scaleecoiiomic 
uuits than those of tbe rivet-crviHiations. Early Iroo Age dtia rarely 
had populations of more than a few thousandt as against the hundreds 
of fh fviitandi of Thebes, Babylon, etc By tbe centnry B.C., with tbe 

spread of slavery much largec dties had began to grow. Athens had. at 
du hmit of its power, a maximum population of 3 M>ooo. of whom 
only 173,000 werecLtixais,whileRome at ttssupreme moment had over 
a million. The tint Greek cities formed wecc just a cooglooieration of a 
dosen or so viltaga. Tbey did not, however, have to ‘start from scratch'. 
They mberhed tbe arts and nuny of die habits ef the oldet ovUisation. 
But they did not have the compubioDS of great public works • Hke 
irriganon systems • which made tt rsscntial to have an overlord or a 
suaeraiiL Tbeir puUic worki could be limitcd to fbrtifications, har- 
bourage, aqoeducts and drains, with sueb public buildings as the 
Acropdb or the Paithenon, and they gave the wotld ‘politics'. 

It seems almost distespeetfid. if nor irreverent, to speak of the classical 
Gredts, whom we invoke as dse originatois of oor western dvilisation, 
as tboogh they were a race of blacksmiths. But tbey were definitdy an 
outeome of tbe Irtm Age. In TV Odyssey we see kings hvii^ on their 
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domaitts but it is obviotu that diey are ratber Hke sqoins tbaa royalty. 
They cæploy fixe Uboui and slaves but hVe Laertes, who knows bow 
to dig around a vine, and Odyseus, who boasts he cao drive a fiirtow 
as strakt as any nusi, they were gernlemen Ærmets. We see the Queen 
Arete of Phaeacia wcaviog by the light of the fire, and Penelope of 
Ithaca is, of coutse, the world's most fåmous weaver, who kept ha 
importunate wooers at bay with her loom. Homer introduces us to cwo 
trades, that of the smith and the potter. The Hotneric pictute ts one of 
an advanced form of eribalism.Iturecognisably European. Agametnnon 
is no oriental despot ruling with the authority of an eatthly god •> he is 
an appotnted leader: and there are the signs of an assembly of the people 
to be consulted on impoctant oceastons. 



Greek wotnen takiiig ibower-badt 


7. CftlBK rOCXBT BOBOUCHS 

When we come to the age of the CJasrica] Greece, of Soentes, Plato 
and Aiistotle, this picture has changed. In lonia, Peloponnesos, central 
Greece, and south Italy atsd Sidly, the colonies, die distiicts, ate divided 
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into a large numbcr oT guce mdependcnt and aatonomom units, 
we hare glori£ed chdr cukuie to mudi, it ts diÆcult for us to 

tealise tbeir insigiuficani size. We find Piam ordaining that his ideal dcy 

shall have 5,000 dtizens and Aiistotle denunding that cach dtizen should 
be able to know all d» ochers by sighc. When Hippodamus laid out the 
Pitaeus,hetped6ed that tbe ideal numbcr of dtizentwas 10,000. But, 
of courte. the figuce refers to ‘dtizens’ and all the mhabitants were not 
- diere were the wirø and fam ilies bot abo the slaves and 
rotdent abens, to that Piraeos migbt have a total population of about 
100,000. In faet, only three dty-»tttes had im»e than ao,ooo cidzens - 
Syracuse and Actagas in Sidly, and Athens. At the oucbceak of the 
Pdoponnesian War, the populatioa of Attica was about 3i0,ooo, half 
of them Aihenian (men. women and children), about atenth resident 
and tbe test slaves. Spam bad a mach smaller ddzen body, 
akhough it wai larget in area. The important commercial dty of Corituh 
had a territory of only 330 sguarc miles. The small island of Ceos was 
divided into ^r city^tes. It had four armies, four govemments, and 
possibly four difiérent currendes and systems of measures. 

The term poUs, which is the basu of our word 'poEtics’, has been 
applied to tbe dty-itate, but it really refarred to xbe people. h could mcan 
the wboie communal life of tbe peo^ pobdeaL cultural, moral and 
Btcb tdigioa was bound up with the pelis. Bach polis had 
is patron god or goddess. 

Tbe cultnre sriiich we inbedted faom the Greeb was sytubede. It 

made use of every dement of culture vduch it could fold in the countries 

widi which it had ronttff, widi which it traded, and which it later 
oceupied. Thac does not that it was merely a connnuadon of wfaat 

had hap p^*^ beforc. It was as a synthests something quite new. 

Great conttibudoas vidikh tt ™dg were in poHtical iiudtudons, par- 
dculaily democracy; and in natutal science, espedally mathematks and 
aitrooomy. What diffinndated it faom aQ pee v io us dvilisadoos was 
wfaat we now call ‘tbe method’. This was not just the know- 

ledge or pracxice of tcieiKe but the capadty to separate facts and verifaable 
tofonnadon faom cmodoaal and etadidonal statements. It had the 
quabty of radonabry and realism. 
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Ute original cukurc of die tnainland Greeks was of die timpk 
European type. It had the merit that ic was tmable to comprebead or 
absorb or cake for granted die highly sophistiated and, by cffete 
systems ofits predecessors. The Greeks sdcctedor absorbed or d»Kardfd 
vaiious features. Remembcr, bowcver, that the base, like all othet 
Western Iroo Age cultures, was ^udte diHerent from dut of the M d rr 
irrigadon cultures. Its ecmomics depcnded on a rather poor of 
dry-fåtming of small peasaiu holdings, suppoited by vineyards, olive 
groves, fishing and scasonal sea*<rading. Indeed, the city^tø rebed to 
a great extenc oo exports for die maintenance not of luxuries, as in die 
oldcr dvilisatioBS, but of commodiries for commoo 

example, Atdca was so short of good com-growic^ Und that it depcnded 

oo its exports of pottery, olive oil and silvet to boy fbod for thepopu- 
ladon of Athens. 

The Greeks wete cealisdc. Tbey did not rdy (too much) on gods or 
on tradition but cncouraged. originally at the enterprbc of 
dtizens. They were realisric, too, tn tbeir approach to an. In Egypt, 
statues had been magical, but the Greek sculptor was tryiog to sligest 
an ideal which could be aimed at in human bodily petfecdon. In (Ueek 

cultuie, the athlete, tfae aidst and the doctor all worked closely togetber. 
It was the ‘Age of the Eye' in vdiich, for instance, Praxiteles, die sc^ptor, 
and Hippocrates, the founder of medierne, artived at thdr results, dther 
in statues ot in tr ea t men t, by direct observadon and not by book-lore. 

8 . TH2 ACB OP DIAlBCTtC 

It was, moreover, the age of diaiccdc • the captadey to argue. Some 
may dunk, in die ligbt of furdier developments in Greek sdeiKe, 
this love of argument for in own sake became a vice. The cradidonal 
presenudon of Greek sdence is in the form of arguments based on 
general prindples rather tban oa examples drawn from pardcular 
problems of technique. Mathemades, espedaHy geometry. was the 
field which the Greeks regarded as the highest attribute and in which 
they used their methods of deduction and proof The bebef dut the 
universe was rational and that its details could be deduced from frrst 
prindples by puxe logic helped to deliver die Greeks from supetsddoas. 
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Perhaps che &alt by lets widt die Greeks tfaems^vea than with the 
absord and comptete accepcance of tbeir finAng« by Uter generations. 
For example, Atiscode, who was essentuUy an tosetgatoe of research, 
becamc die final authority fi>r generations of intdligcne people who 
accepted his findings. Nevertheless, this Greek emphasis on pure logic, 
'thioidng oflT the top of che head’, led to che growth of an intelleccual 
arstocracy co the detriment of die craftsman. Thå was io part due to the 
extension of slavery because, aldwogh mueh craft worfc was done by 
fixe men, diey were degraded by coinpetitwa with slaves so that they 
too an tnferior clas. hi the same way, a slave society debased the 

social position of women. Isdeed, the poiitioo of wives and daughten 
of Greek citizeiis was (a wone tban it was in che older dvUisations. 
They were precluded from taking part in public li& and were liccle 
better dian ^mesde slaves themselves. As a result, all domesde work, 
wMcb i ndoded fiir more ara dian it does now, sodi as weaving and che 
pteparadon of simple remedies, was beneach che conccni of the philo- 
sopher. There was litde sedendfre contaet between the men who did the 
diinldi^ and the men who did the work. 

Yet the general problems from which sdenoe grew, such as the uodet- 
standing of the heavens or man s body or the wockings of the univetse, 
woe ficst defrned by the Greeks. In the schobsdc subservience of later 
dotes, however, it was un&nunate that die Greeks were regarded as 
'having a word £»r it’. The first cask of modem sdeoce, afcer the days of 
Frands Bacon, was to show that mueh of what the Gredes bad cx- 
poonded had been misleadii^. 

9. AIIXAKDIR THB CBSAT 

llie cooquest of Alexander opened up Asia to Greek tråde and Greek 
oolonisadon, and we can read into them something more than just the 
ambitions of Alexander himself or the glories of military conquest. 

He imposed hh imperial will on the dty*4tates of Greece which, even 
befrire 1 ^ time. were falling into dccade n ce. The general level of 
Hdlcaic prospericy was »jficlinnig and, although individual fortuncs of 
die aristocrats and {ducocrats were bigger tfaan ever, the nomber of 
slaves relative to the total population had inereased and che peasants had 
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sunk meo povercy må jetfdom. TIk $oil itsdf had sufiéred. and k has 
oever fully cccovered. The limestone hiils had once bcen dbthed in 
wDods and vcgetatioa but the dcnund for charcoal for tbe of 

iron and for cement, and the pressixre of population, g»ti»nAng cul^- 
tion by clearings, had cemoved the foresc cover and had already led to 
the erosion whlch is the affliedon of Greece today. The soil was scoured 
off by the taius no longer tempered by fbliage and herbagc, and the 
springs failed bccausc the water no longer seeped into rise ground to 
tcplenuh tbem, but ran off tottendally to the sea. Hie structure 
had also degraded die craftsmen. The arts and enfts whkh we regard as 
the nuterial 'glory that was Greece* were the products of social inferion. 

Even by the time of Alexander, dse contradkdons of the and 
economic structure were as tiaked as the hills of Greece. There was un- 
etnploymem and a shottage of food-stuÆ. Maiiy smaD pcasants were 
oonscripted into prolonged military service or thelr Koldings were 
devastated by hosdle armies or exptopriated for debes, which dreum^ 
stance had forced them to ineur and had lefe them no means of repaying. 
There was no alternative work foc them in die &ctories bccause slave- 
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manned Industries had graduaJly erushed the uidividual enterprise of the 
small ctaftsman. Just as the axtisan of the ewendeth century secs his «Vil 1 « 
being repeoduoed or rcplaced by automation, so in Greece, »kilU vrere 
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brokcQ down into procesto. TIk poeter had ooce been tfae individuRi 
periéaionix. moulding dw cUy, dcågnil^; die »rtwoik, cxccudog che 
pmring and {ihng tbe wue. Lartnly, cbo«e became tbe separate funo- 
tioRS of teams within a &ctory aod tbe ipcdmens wluch are tbe ptide 
and joy of Western museums were die repeadre factory products of 
team*workers vdio were not eren recognised cttizeiu. 

Fustbermore, at die inteniat nutket contracted becaute porerty 
reduced purchasing power, so did tbe extemal tnarket. Gteece exported 
industries instead ofcocsumef goods. With no piospects at boæe, crafts- 
men emigrated to new colonies and around tbe Black Sea. for example. 
diere grew up soooestfol manu&cturing centres whicb competed with 
tbe old-esablisbcd ctafis of Gieece itsdf. Thus Greece could not exporc 
its wares to get, in tetum, tbe wbeat and foodscu£ foom overseas. 

In tbe fourtb ceatury B.C. there was no option for tbe dispossessed or 
superabundant pcasantry but to seli tbesr services as foreign mercenaries. 
Xcnophon’s epic story of tbe Ten HiousaDd, reeruited by Cynis tbe 
Younger to drive bb balf-brother ofi* the Pernan throne. is, stripped of 
IB milieary romance and glamour, just tfae same story as tfae Hi^dand 
dearances vdiicb emptied tbe glesis of Scotland in tbe eigfateendi 
century aj>. aod sent tfae dispossessed clanstneti to setde in fjmda or 
serve in die atmies of France or Russta; neither tbe Greeks nor tbe Scots 
had any option. 


la CREBK COLONIALISM 

Hie conquesB of Alexander made Egypt and the Middle Bast a 
province of Hellas. Greek became tbe lii^aa Jrtma, so ideas began to 
drculate foedy. Alexander took over die whole of tbe Petsian Empire 
and extended tbe coocept of the city-stace as far as tbe Indus and tbe 
Jaxartes. 

Alexander began founding, in his widespread domatns, military 
colonies for his veterans, and cities akzn to those of Greece. Tlicy 
foUowed a pattem - tbe market-place, theatre, puhbc buddings, scfaoob 
and fountains. Most of them were laid out on a grid system (like so 
nuny Amencan dties today) but in origin tbey observed the Placonic- 
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Arbcocdbn principle of tbe snuU polit - Pergamoin, in Asb Minor. 
»khoagh a Capital, was oaly asa acres in extern; lieraklca, ac Latmos. 
was only MS acres; Aloaadria, when tc was founded as tbe Greek 
Capital of Egypc, was of che same order. 

They all had munidpal govemxnent oo the models of old Greece. 
They were administered by Grcck offiaals, rinaneed by Greek Kanlr/r«, 
supplied by Greek merchants and borrowed tfadr arts and crafts from 
Greece. Nevmhcicts, die old oriental cities widi native commerce, 
industry. religion and sdence were not datroyed ftf wc ooncede. as 
some do not, that the buming of Pertepolis, during Alexander’s sojoutn, 
was an accident). Greek insrituQons. custonu and gods were accom> 
modated in die eidsting cultures and when Alexandcr's sucoesson, tbe 
Ptolemaic Pharaohs. took over Egype, they took over all the perquisites 
of deific and temporal power, widi no concepts of Greek democtacy, 
which anyway bad already been supplanted in old Greece by 
acceptance of che Tytants and the Elite. 

In spice of die conventional history books of dates and dynasties and 
our scarimental atcadimenc to Greece as the inspiration our Western 
institutions, Alexander’s adventures were impelled by econonue år- 
cumstance - to salvage Classical Greece &om its own decadcnce and 
povercy. Ic was expaosionista whidi provided an outlet for a surplus 
population and Ibr reciprocal trade whi^ redeemed a country no longer 
selfeuÆaent. Greek cides were dependent on imported com, but placer 
Uke %yp< now ofiéred cxporNimport fadlities by oficring staple fbod- 
stuiB in return for <dive otl, salt 6sh, pork, hooey, fhwe. diied fruits 
and nuts; Greek jars which have been foond as &r apart as Suta, in 
Ekm, oo the Lower Danube and tn Sidly and Cardiage are evidence of 
tbe expott of oil and wine from the Greek mainland and islands. 

The landlords of the Greek empire, and the Hellenic firactioo-empires 
which succeeded Alexander's were di&rcm from che old aristocrats or 
cemple-bursars. Tlie rulers and tbe priests still goc their ‘rakeKiff*' but 
frrmiag became capitalised and commerdalised. Spodalised frnns pro- 
ducing for the (Greek) vrorid niarket were spread right through from 
Russian Turkestan and India to Sidly and Tunisia. Tliey were woiked 
by slaves or setfr on teasooably sdentifre lines. They tended to cocrea 
tbe balance between crops and livestock wbtch is hard to maincaio on 
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pit«niir.Utngt, arxl bjr pcopcT roucwD uui coluemtioQ hclpcd CO pre- 
lervc che sod. Anochcrgaiawas the acchmiossfiop of animab mdcrops 
whicb becuue possible on a wide scale. Cocton, apricots, dtroa, geese 
and buflåloes were incrodoccd into European Gmce; scsame, hones, 
asset and swine sptead from Europe actoss Asia to India: and locetoe, 
oriental fruit trees, mekmt. boets and bamyatd fowls were trafficked 
through Greece ioto Italy and Spaxn. 

Secoodary induscry, tbat produaofche Greek Iron Age, spread aloi^ 
the mili taiy roads and tråde routcs. And a^in the pattem wat modi£ed. 
It is me tbat frciories bad grown in Classical Greece but cbey had been 
to estatcs, templet or paJaccs and worked by bondsmen 
or slaves. Now they were industtul entities. They were manned by 
masses oTsIaves, not to make use ofnuchincry or evcn to fadUtate team¬ 
work or woric-flow, but fer conveniessce of supervision. Spedalisatioin. 
which had been inentioned in old Greece, now became the feature of the 
frctory ecoQomy in other parts. In place of fee freeman craftsmai), 
m>tnT ofaUhissIdlls, therewasnowthecompositecrafrsmaamadeup 
of temi-skilU - a foretaste, in the pre-Chrisdan era, of the pcoductioin> 
line. bl the n-am , t aefa wocker had bis own limited fenecion. The jomer, 
wfao would make die door, would not set up the door-posts; the stone- 
tT»»«nn would not shaTpen, moch less xnake, his own cools; the spinner 
would not weave; die poc-maker would not point. Sbades (all tbose 
centtiries ago) of trade union demarcacioo! 

This, ofcourse. could have completely stulcified advance in teduiiques 
because imitation b a poor incendve to invendon. Neveitheless, a series 
of major advances did take plaee. Afcec 330 b.c diere is evidence of 
rotary flour-^nilling. driven by donkeys but somedmes by water-whecls 
(which che Perrians had already introduced). Tins rotary milling was a 
revoludon, in more senses tfaan a pun, because hithetto each household 
had crudicd and ground its grain in quetns. Now flour-millers and 
coQununicy bakers came into existeoce but, more imponanc, ie was the 
hest exteosion of nozv 4 iunian modve-power since die Bronze Age, 
which had produced water-lifring deviccs, sail-boats and whecled caitt. 
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II. CBBBE SCIBNCI 

Uke fint f^iase of Greek tcience was in tbe sixth oentury b.c. and is 
Assodated with tbe legendary figuxes of Thales and Pythagoias and other 
naturc-philosophen who specuUted on how the wodd was made and 
bow it had come to be. 

The second phase was between 480 and 330 >.C. - bctwecn the end 
of the Penian Wars and die suppceasion of the tndependcnt Gtedc dbes 
by Alexander the Gteat. It was duting this pertod dut wc have Socrates, 
Plato and Aristode, and die seudy of the nature of man and his for tal 
duåes. 

The third phase was wben the empire of Alexander brou^ Greek 
science into contact widi the older sources of cottore in the East, as far 
as India. Alexandria, in Egypt, became a new home for science, and the 
result was a development of mathematics, miK-banu-« and asttonomy 
whkh we assodate with Euclid, Archimedes and Hipparchus. This 
pertod was die bridge between all diat was past and all diat was to come. 

The two centuries beginning 230 B.C. were more fruitfiil in 
mechanical inventions than any period undl the seventeenth ceatury 
A.D. Archimedes of Syracuse, aldiough as ao aristooat he would have 
resented the description, was an applied sdentist. a technologist and an 
iavcRtor. In an age when the dite despised the practical, he discoveted 
and applied the hydrostatte prindpte. Every seboolboy knows die story 
ofhow, in die public baths of Syracuse, be made the discovery and rusbed 
naked to his home shouting, ‘Euieka! Eureka !* ('I have found it 11 have 
found it !*}. What he had found was die answer to a problem pot to him 
by his relative Hiero, ebe Tyranc of Sytacuse, who thought tbe jeweller, 
in making his crown, had cheated him by using an alloy instead of pure 
gold. Tbe answer which Archimedes had found in his bath was dut tf a 
body is immersed in a fluid, it wiU experience an upthrust which will be 
equal to the weight of fluid it displaces. 

He also invented (or at least gecs tbe credk for invennng) the Archi- 
medean screw for raising water. Thit was formed by winding a tube 
spirally touod a cylinder. When such a screw is placed in an inciined 
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posiåoQ with ics lowcr cDd immcncd in water, is lotadoa will raise 
water co tbe highet level He it also nippoaed to have becn the tnveotot 
of the compotaui puUey and to have eUbocatcd the prindplc of the 
fiilgmm , tbe point about which a lever tunu to give a lift. He boasted 
that if he had a ftikmm or ttand>point he could tnove the world. He set 
fire to the Roman fieet arnddng Sytacuse by using buming glasses to 
focut the sun's cays. Wbcn the Ronuos carried tbe dcy by amult, he 
was »laip by the oncoutb soldiery while contemplattng mathematkal 
figntes which he bad drawa in the tand. 

Around a}0 B.C. Ctesibius invented aperftcdy good pump fitted with 
valves and cylusders and pistons which would have becn capabk of 
mechanically raising water co much greater beights chan tbe devtces 
which exisccd then and for many oenturies afterwards. Yet there tt ao 
evidcnce of its being used for draining muses or iirigation. Even the 
Romans, perfaaps owing to tbe limicacions of their lead pipes, never 
thfHtght of transportbg water under presute bos created iostcad the 
giant aqueduet systems. 

It is a tobering cfaou^ that nearly 1,000 years ago Hero of Ålexandria 
invented a steam-engine which was quite pncdcal and embodied dse 
prmriplf^ of the turbine and of jet ptopulsion, all dsoee centunes bdbre 
Fanens (turbine) and Whinle (jets). The basis of this was a sphere of 
metal with tvro tight-angled tu^ set in it, with the outlets poindng in 
opposite direcdoQS. There was a cauldron from which steam entered the 
sphere through the tuba which acted as the axss. The force of the steajii 
<^pi«>g through the angdar tuba fbteed dse sphere to spin. 

He also invented a which, by applying a siphon efiéct, produeed 
a conjoring tiidc. In ^ Mtdumka hc showed a cotnplete underscanding 
ofa transmissioa system. By employing a handle to tum a screw, whicis 
levolved a cog'wbeel which acted as a winch for a multiple puUey 
system, which dr^ged on a lever, binged on a falcivtn, he had a device 
which lifted a wdghc ftr in cxcess of (he musde efibrt of die handle- 
tumer. 

Tbey were nserely toys, or ns^^ appurienanca of tbe templa. A 
progenitor of the steam-engine could be heated by the altar fira and its 



Hoo I device for opcnmg die dooo oC a 

vAea tbe fire it Ughted upon the altat. 

boc aix in die altar drives water from die 

ituo a budeet wbicb, in deaeending, tumt the door 

spindles by tneaos of a tope raising tbe counter- 

weight 


ste»i»-power used mystenouily to opea doors and dbclose ebe gods. 
And why? Becaiuc this was the ^ orslavery wben musdo^wer wu 
abundant and mechanical power was unnecessary. Hero's dtscorena 
were ‘tmeconomic'. 

12. SOtl aNStAVBD 


By 200 B.C. tbe nutnber oftenanc Sumen throu^iout tbe Gfcdc world 
was declining. Big landowners were dtsplacing them. cooverting ihem 
inco seifi and employing slaves in greater and greaeer numben. The 
same thing was happening in the crafes. Factocy-owners were ming 
hired oc slave labour and on public works cootracton rather than 
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individual cnfomea undertook the work. SUve-masters coatncced to 
sup^y the labour aod the moaey< 4 eiiden financed the projecti. 

Ic is necessary bere to remind ounelves on« again that the basU of all 
this panoply of pomp and power and pclf was the wtl and dtose who 
workcdtc. Nonuttex how many slares thete werc, theybad tobe&d 
from the arne plots as the freemen. 

Proper husbandry is the penonal ntitsiog of the soil and not tts im> 
personal exploiation. The records of Alexandtine Egypt in zpd B.C. 
showed how frr the system had declined from these truths. Peasant lands 
were frnned £br the money-Ieodcn so chat tbey were produdng oop« 
which had a market valse but whids oould bankzxipt the soti. The land* 
workets were opprcssed hy taxes and the prisons were &I 1 of dehcors. 
Land was acptopriatcd for deht ot tax evasion and passed imo the hånds 
of dtosc whoM soil it was not. To escape from thcir dehts or from 
imptisonmenc pcasants, to the alarm of the Phaiaoh, were flcdng thcir 
patrimonial acres and taking to tohbciy and violenoe. There were mass 
strikes hy the landwockers, who soughc public relief from dte temples 
while their grievances were heing ventUated. The net result was that 
altfaough thcce was an abundance of slaves, scaictty of peasant labour, 
the depopulation of the vill^es, the abandonment of arahie land, die 
neglect of dykes and frclds and a progressive decay brou^ about the 
eventual coUapse of empires. 

The gross e&ct of all this on Grccce itself was, of couise, di^uised 
fer a long dnw. The opening np of new export-impott mazkets, which 
feUowed miliiary expansionism and the distribunon of the hoaxdcd 
wcalth of the oriental kings to Alexander's seddiets, masked the di^ 
eq irilih rinm. Bot thc migration of ctaftsmen to the new colonies 
presendy restricted ihe export of comomer goods. The import of food- 
stuiB, inditpcnsable to the metropohtan cconomics, reacted on the local 
pcasantty. The compedtioQ of feretgn (colotual) industries and slave- 
owned fiictories relegated the individual crafrsmen and producers to 
debt-slavery and ofren to acniat slavery. Civil war tn Sparta and in the 
States of old Greece feOowed demands frw the cancellatioo of dehts and 
redistnhudon of lands. 
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Ships wcre improved and ligbthousei helped tuvigadon. So did the 
cartognpben; aod tråd« by »ea and land, in spiwof cbehazardsofpincy 
and brig^nd«, spread more qukldy. Afier 300 b.c tia &om Comwall 
waa betog rcguIiHy ahippcd acro« Prance to Mancil!«: gold. fun and 
fore« prodocts wctc being ttansported from Siberia and Ceotral Ruasia; 
peifomes. ivory, aptees and drugs, aooss what are oow deserts irom 
Central Africa; amber, from (he Balttc; and silks and spices &om Cbina. 

13. DBSBBT »KOTBCTORS 

Those tradc'routes wcre themselves the creaton of new types of 
culmtes - not merely of a new set of nonuds, itineran t mesehancs beset 
by the oid set, ebe barbarians, but of professional ‘protcctors’. 

Among tbose ‘protectors* wcre that rather remarkable race, the 
Nabateans. Somewbere about the of the Capdvicy, wbesi Nebu- 
chadnezzar ($88 a.C.) destroyed Jerusalem and carried off chejews to 
Babylon, a wave of desert Sesnites surged into the lands of the Edomites 
who retreated into the adjacesu territories and lefe the invaders in 
possession of the southem caravan routes. Those routes ran from Arabia 
Fdix, the land of du Queca of Sbeba, to Syria and to £gypt and the 
Meditertanean ports. Along chem travelled the oriental caravans witb 
their riebes of frankmeense and myrrh, pearls &om tbe Petssan Golf; 
ivory, gold, and black slaves &om A&ka and spices and silks from r^ins. 
From the tip of the Acabian Peninsula the came! caravans travelled 
northward along the eastem coase of the Red Sea, throt^ Meixa and 
on to Aqaba. From thece they fbllowed the Wadi Arabalt to Petra, 
where one route diverged westwards to Gaza and anotbec ooDtiaued 
north to Damascus and from there to Tyre and Sidon, Aleppo and 
Andoch. 

Ihe Nahacean Capital was Petra, which is a to their in- 

genmty, their cra&smanship and cheii uldmate weahL This is a city 
hewn out of the living tock temples, tomhs and public buUdings cut 
into, and out of. dic precipices. On tbis poim tbe caravans converged, 
or were shepherded by the desert gendarmerie. It was the exchange 
centre between Easc and West; a desert 'port' where the ngbes of t^ 
orient were unshipped and transfetred to the caravans of tbe occident 
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and vice vem. h obviouily became a matk« fi)f Wholesale tnnsacoons, 

Thete were gceat catavanset^ to hoose thc voy^en and bonded ware- 

boucs to stoee the goods oo whkh a ‘pobc^tax’ was ceJlected. 

In return for what wai alxno« surdy trade-ondcr-duress, the Naba- 
providcd safixonduct and inununity fronr the desert lu-jadterst 
by ofa series of desert gainson towns and escorts. There were si* 

cåties in the Negev. the Southern desert of Palcsdne, wUh a 
combued populaiioo ofat least lOOiOOO. 

14. DBSBftT CULTIVATOIS 

Thosc dties are notewocthy becanse they were vimially sdf-support- 
ing in a desert whkh was, on present-day research evidcnee, as (^nu- 
tologicaQy inhospitable as ir is today. It can be assmncd that they did not 
growtheif owngrains-at least m ade^uate quantitics - but imported 
them into die desert. But diere scems no doubt that diey rupplkd tha»- 
sdves widi fruits and vegetablcs. 

Obde. in the middle of the Neger, was a hill dty of 10,000 inhabirants. 
A 40o4éci-high mountaia was boocycombed with man-made carø - 
stores and tombs - and on the flattened top were foctress walls 
witfam whieh the dwdlers couH feneat and within whkh also were 

massive puUic buddings. More interesling than the ruins today ae the 

doquenc lestimoniei of the landscape. One looks down on a desert. 
vAkh merely disnuys, unttl out of the greyness of the dust one begms 

to see the vestiges of the fidds whkh the dust has all but burkd. A vdiole 

cextbook on desert recovery can be read in thai landscape. 

The during the 1,000 yean in whkh the Nabatacaiu main- 

chemsdves in the desert could not hav« been mueh more than the 
100 milliinecres of today. Tbat much the plam-arcbaeologists can tell 
us. And t h < r«. as now, it would come in sudden downfdls to nm off die 
hillsandwatc itsdfin the guUies whkh rend the counitysidc between 
Obde and the Dead Sea. The Nabataeans fcnew that it was fiidlc to iry 
to eulrivate the Valley of Zin through whkh the spat« would pour. So 
the« cultivation was done in the ofihoot vallcys. Round their fidds. 
eaeb ttsually a quarter of an acre tn extent, they built massive chedc-walls. 
s omeh mw ten feet high and twdve feet thkk, to impound the wacer. In 
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tbe cribtitary wadis they made divmioa dams to smtch the 6oods iato 
those walled £elds. And diey demonstrated how exosioo, a bogey- 
word to us, could be tumed to advamagc. 

Those fields wcre not only dams; but alsosilt traps in which the soil 
naturally scoured off die hil!« wotald bc deposited. Those andent «oiU 
engtneers nocked sometbing else. Tbe hiUs were cncnisted with 'deseit 
pavement’, a mctingue-like crust compounded by the alchemy ofsun 
and atmosphedc moisture. Tbå thin hard skin procected die toess under- 
wMfh ifthis shield were removed, the loess, diis incipicot soil, would be 
swept into tbe silt-craps. So they systematically broke the 'pavement' 
and raked the hillsides, andtherainssliucedthesoiloÆ Iwastoldthatooe 
o£ die wadi fields had åle to die depdi of fourteen fbet - created over a 
period of perhaps ten generations - aldiou^ dus is disputable. 

Anodier interesdng feature of Nabateans’ ‘desert-plu mb i n g* was 
tli^r lock dscems whkb held, underground away from the heat of the 
sun, the water which was run olf the hillsides for storage purposes. 

Most »utri giitng of all are tbc mounds which surround Obde and 
S'betta,itssistereicy.Thcyareheapsofpebb]es,tiowchokedwithdust.and 
there b still a debate as to what they were originally. They are arranged 
in geometrical rows and obviously aecording to a delibecate deågn. One 
theory, suggested by cvideoce of fossil-plants, was diat they were dew- 
TT Kp iundf l^t u to say, they were piles of loose pebblcs on tbe cold 
suifree of which the dew condensed and seeped into the soil below, 
fwaHng a wet sump of soil, protected by the mound during the heat of 
die day: into thb mulrh they planted vines, figs and oHves which rooted 
into die dew-repleaishcd soiL Other experts maincain - again from sug¬ 
gestive remains - that they were storage bins like pocato damps or like 
tbe piles of stones which tbe Eskimos use to cover their caehes. A diird 
of diought dbminci them merely as $cra|»ngs of the desett pave- 
ment. They could be ooe or other, or all diree. I sdll fkvour tbe dcw- 
mound theory. 

Tbe Nabateans maincauied their independence agiinst the attempts 
of die Selcunds and Ptolemies, Alexandei’s succesaors, to conquet them. 
Theic beyday was around the time of Chrut. Bue afcer the Jewisb revolt 
of A.n. 67 the Romans extended their domain over the deserc arcas. 
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induding the Jtamping-gfound* of the Naba tac a iM . Thi* changed the 
fortuue* of d>c Nabateaos and of Petra. Not immediatdy bat gradually, 
the caravan routes weie diverted and cbe Romans mocated the tralfic 
from the Pertian Gult away from the Red Sea. Palmyra iuilead of Petra 
the main centre. The southetn trade routes lai^uished, but it 
was not until A.I). 500 ihat die disåpluied rule of the de*ctt relawd and 
the Nabatean tradition* and ådes fdl into final decay. 

IJ. BOMB TAKBS OVBB 

Roose replaeed Gtocee a* the dominant occidental empire in 1*61.0. 
The Romans had come out from the Seeond Punic War victoriom and 
had fisund to interfére in the a&irs of Greece. Philip V of 

Macedon havii^ alHcd hiinself with Hannibal the Romai« »cm 
Fbminius to punith him and in this war the Aehaean League joined with 
the Romans. Philip vwu defrated in 197 »-C. and was oUiged to recognise 
the inderrn de«^'^ of Greece from Macedonia. The Aehaean League 
a puppet govenunenc of the Romatu undl friully in 146 B.C. 
the Roman Coniul. .Mummius, defeated the city*rtates at the batde of 
Cortntb. and Greece finally lost iis independence and fonnaUy became 
a Roman proviaoe. 

But even at this stage d>c stresset which had been apparent in the Greek 

Empire were already apparent in Italy »ts elf 

Tbey were sharply defixKd in the story of the ill-fued Graodii. Tlie 
brotbm Tiberius Sempronius and Gaius Gracebos weie die sons of an 

historicboDK.OaeoftheiraDce 5 toishaddeféatedHannointbeCartha- 
ginian War in ai4 B.C. The fr ther had been CocBul and had mariied the 

daughter of Sdpio Afiicann*. Tiberius Sempronius, the youngcr, had 
terved at the Si^ of Ca^tlmgg aud in the Numantian War. In 133 B.C. 
bc ofiered himself as candidaee fru the Tribunesfaip, an office which 
him inviolable as long as he wa* invested with ic. It provided him 
with his opportunicy. He used his oÆce to make himself the dumpion 
of cbe pirk the common people and the frrmers. against the patruians, 
the aiistocracs. 

His first cfrbrts were diteceed to a reform of dse Roman land system. 
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by the tettoncion of die old r Law, whick etuctcd cbac no ome 
should posKSs more chaa joo acres of the public donuins and tbat tke 
overplus should be equally divided among the pkht. This was now 
falW the Agrarian Law. He was violently oppoaed by the ariscocracy 
and the veto of Marcus Octavius scopped die passage of the bilL 
Tiberius. howcver, exertmg all the pretogadves of his office, managed 
to pass die bili and three commissioners were appointed to carry it inco 
. himself, his brocher Gaius and his fåther-in-law, Appius 
At the same rime Accatus, King of Pergamus, died, bequeach- 
ing his tceasures to the Roman people. Tiberius proposed that these 
should beused as a fund to help the recipients ofland under the new law 
and be abo proposed to give the popular Assembly, instead of the 
the man^ment of die Suce. This was too revolurionaty. He 
was accused of having violatcd his office and of conspiring to be kmg. 
and at thenextdectionfbrdieTribuneship he was murderedwith three 
hundred of his foUowen at die entrance of die Templc of Pides. Ten 
years after his deach his younger brocher won the Tribuiieship. He re- 
newed his brochec's law and avenged bis murder by expelUng many of 
his most violeot enemics &om die dcy. Several popular measures gave 
him gtvour widi the people, but in the end the intxigue of the aristocracy 
his downfiU. He did not obtain a third Tribtmeship and, faeed 
widi the threat ofa popular uprising, the Seuate took strong measures. 
Anned soldien attadeed the foUowers of Gracchus and nearly three 
thousand were slain. Gracchus escaped to the Grove of the Furies, where 
bc was slain at his own requesc by a slave who dien killed hinudf 

Id. SrOIlS OF OFFICE 

The dominion of Rome over the Mcditcrranean brot^ht an uncasy 
pfK «* but not, at fint pcosperity. indeed it was die opposite. The 
peoples in the of Icdy had been organised as a union of allics; afier 

88 B.C. all Traliant were admitted to Roman cituenship, but die annexed 
teiritoties oveiseas were cieated as estates co be exploited as cributaries 
like die cooquests of an oricntal monatch. Enlightened oricncal kings, 
hke Cyrus, however, bad had the sense to reoognise tbat tbeir revenues 
depended upon the proipericy of their subjects. They usually ensured 
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that thrif govemon, while exacdi^ royal tributes, were also responsible 
fot the geneni wcB^being of the lantl, ics soil and its people. That was 
not tnse of the magiscrates sent out fix a year as govemors by Rqsublkan 
Rotne. Since the Setute was composed of tiino<xpited govemors, it 
was scaicely a brake on the rapaetty of diose whom it appointed. After 
ui B.C. a gOTcrnor, if impeacked, would bc tried by his peers who 
themselves owed tbeir wealdi and their rank to the exploitadon of the 
provxnccs by tax-fiumtng, usury and canceasions. At the same dme 
could ooly be confiimed by bribes ‘to the Roman People*. Any 
govemor had to nuke three fbreunes in a yeat out of bis province - one 
to pay his election expenses, another to bdbe hisjudges at his tiial on his 
return and the third to live in condbrt £ot the rest of his lifé. In the last 
century of the Republk, senators and pro-consuh amassed great fbrtunes. 
Pompey, to Roman talents, was the eqmvalent of a dollar millionaire; 
so were Crassus and Brutus. Soch fbrtunes were not acquired by pco- 
moting and cncouragiiig the creadon of productsve wcalth but largely 
by extortioD, usury and flnatw4al maxuptdadon of the provinces. 

In Rome its^, the empire enriched only a very small dass. Debts and 
cotueriptson had driven a large proportioo of the peasantry from the 
land. Their smallholdit^ were talten over by great landlords and 
worked by slaves. The dispossessed peasantry could not find cmploy* 
ment m industry because the city wotkmg dass was also being im- 
povehsbcd and sodally degtaded by oompeddon from the slaves who 
were broughi into the slave markets by each imperialist enterpiise. 

This was the situadon whicb bdped Julius Caesar afrer be had added 
to the empire die Celdc lands of the Rhine and the Cbannd and Britain. 
He sebed supreme power as the Grcek tyrants had done. Two ycars 
later he was mordered in the name of the demoaade freedom, but afret 
twelve more ycars of dvil war lus gran>d-nephew, Augustus, became in 
fra Emperor. Juhui Caesar was, of coutse, deified and in the old oriental 
traditiou Ai^ustus aocepted dtvine honoun in his own lifetimc and 
idendfied himself witb the gods throughout his empire. He was oow the 
monarch of a sm^e State extending from the Euphrates and the Black 
Sea, the Danube and the Rhine to the Atlantic and from the Noah Sea 
to the Sahara and the Arabian deserts. 
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17. FAX ROMANA 

Jnliiu r‘.«i»«ar an .4 Au^ustus puC la eod to ^ worst exccstes of chc 
senatoria] govetnon. They cteaced 1 reisonibly cÆckot ind honest 
idminutncoa ind dKy give in empire peace. For 250 yein du gteac 
unit of (he Roman Empire enjoycd an intemil peace never hicherto 
fouod in to large an irei. There was ilto 1 coQsdous coocem for ensucing 
du reatonablc «em>eing and protperiry of du cooquered peoples. 

Hu ii rn i udiati! retolt wu a revivil of proeperity and an incrcase of 
popolatun in the oew western provinces. In size du averige Roman city 
vmnot mu^ btgger dmi du Greek potis. At laid out in A.D. 100, Timgid 
in Nortb Africa coveted only tome 30 acres. Caerwent in South Wales 
measuted 44 acres, and Cirenccscer in England wat about du same size. 
Roman londoo wat 300 acret; New Cattbge reached i,aoo acres, 
Alexandria 2,275; Aod Ronu about 3,060. 

p/vn^aw cities enjoycd munidpal tei&govenunent whesever duy wete 
and were mo <H lol on a common patcem. Tbey indoded a public water 
stoply, handsonu public buildingt, baths, theittes, colonnades, market 
hdb and assembly plaoes adoened with statues and fbuntaint. The private 
dwellingt, at lean of du wdl^o^, were large and tastefiiily built and 
{umished. A middle-clan bouse vridt a terraced garden could oceupy a 
block ICO fbet tquare and du main reception room would be about 
Ibity-eight feet long. The small cetailen. crafomen and labourers lived 
in flinuier hornet w^ooe or two rooms and du blades in tenemenu 
which could run up to sixty feet in height. At Caistor, near Norwkh in 
Britain, bouses adjacent to du pocter's Idln, presumably oceupied by 
du master potters, were made el^ant with tcstdlated pavements. 

In the eatly days of the Roman Empire the amenities oflife were feirly 
generomly distributed, at least geograpbically. Bronze bowlt made in 
Capua have cunud up in Dcnmark, Sweden, Hungary and 

Rubb. Arcbant and industrialists feom Italy and Greece migrated west- 
ward and establisbed fetetories tn wbat had been the barbatian provinces. 
Hne red-glazed moulded wire in du Greek ttadition was pt^uced in 
Ftance and at Colchester, ^uery manufectuied in Italy feund its way 


BOBMAIIS OF CBIVAtBY 


*95 


to Ana Minor, Paiesdne, Cyprus, Egypt, North A&ica, Spain and $outh 
Ruttia. Products of factories in Gaul ccached North A&ica and Egypt as 
well as Spain, Italy and Sidly. Syrians estahlished glas»>inakuig in the 
RhSoe Valley and m nonbetn Franee. 

The barbarians of tbe north supplied slaves, amber, (urs and odur 
matcrials. In return cbey aequired wines. poctery, metalwarc, gUss and 
coins. Trade routes radiated 6rom the Black Sea ports and discributed 
sinulat commodides across tbe Russian steppes to die Urals themselves. 

Rcgular caravans ofcamels brought qnces, aromadcs, oils and jewels 
across the deserts of aouthem Arabia and Mesopotamia. Under Roman 
auspices, a direct sea-rouce beeween Egypt and India was eneoura^d as 
a check on the mtmopoly of the Nabataeans and others in polidng the 
land routes. 

After A.D. 50, the Romans began to exploit the diKovery ofa Greek 
sea Captain, Hhppatos, dut the monsoons provided a r^ular means of 
direct transit across the ocean to India and shortened the time. The South¬ 
west monsooD in August provided both the modve power (br Crossing 
and a guide as reliable as a compass. The north-west monsoon in Jan- 
uary ensured the return voyage. 

This mercandle luvy brou^t to the Roman market not ooly Indian 
goods but also Chinese products carried so far over land or by sea in 
T niliaw and Chinese ships. The imports were mosdy luxury goods - 
ftawring giib, parakcets, ebony, ivory, peark and precious stones, spkes 
and pe^imes, »Iks and drugs. 

These products could nor be paid fer in mass-produedon goods or in 
agriculcuxal products. And $0 tbere devdoped in tbe opposite direedon 
a tråde in luxuries whkh could be carried in small bulL The balance of 
tråde between Rome and India was adverse and was made up by exporo- 
ing gold coins. These still tum up all over India and have been foustd as 
fer away as Ceylon and China. The Greek and Roman agricultural sdence 
ba sfd, as has been suggested, on the Carthaginian system, was usefuUy 
applied in extending t^ agricultural belt of North Africa ferther inland 
a^ aho cncour^ng fee growth of agrieuhure all over Franee, tbe 
Rhine Valley and Southern England. Even in the norfe, Meditcrranean 
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►fAnigtur« wcre apj^ied; for inaance, vioics and vine-gtowiog were 
introduced into Btitam. As an incensdng enrofde oC man's adaptation 
to his covitonsKiu, wc find ingaiioot systems of ceDtTal>heacingmthc 
villas of firicain, to temper the rigoun of the climace to tbe 

Mediterranean overlords. 


18. XOMAK 8CIBNCI 

As aa admiiuscrative system the Roman Empire was remarkaUe. The 
intensity of commercial intercotuse betwecn all its scattered parts and 
cfac rdatiotu vrhsch it establishod hetween the civilised and baibarian 
vrorids produoed the results wfaich are reflected in the habits of the 
Western wodd today. Besidcs traderi, wandering crafismen and slaves, 
civil semnts and military cÆcets were ooncmually being cxchanged 
between the remote outposts of the empire. A buge standi^ aimy was 
needed to guard die loog fionfiets and soldicts were recniiced in every 
part of the empire and the caudoos pracdoe (bllowed of sending tbeni co 
serve away from their booK country. Ambassadors and mtssionaries 
famr &om tlw East CO Rome and Marcus Aurelius sent an embassy to 
the Han Dynasty in China. 

Yet tbere b a remarkable thortcomxng in tbe Roman story. loiperial 
Rome made pcactically no contributioQ to pure science. What passes for 
ftriinrn is lar^y the compilacioo of volumes of othex people’s know- 
ledge and tbe direct or original observatiosu seem to be renurkably 
abient. 

Having, for example, at firsc despbed the Greek medidiK of Hippo* 
craies, the Romans eveotually catne to rcgard the Grceks as custodiaxu 
of medkal knowledge. Galen, tbe outstanding phyrician of Rome, was 
a Gredc. He had origimUy come to Rorae as a surgcon to the gladiators 
and had built up a fuhionable pra>ctice as a fdiysidan befbre the jealoory 
of his professional coDeagues drove him into exile and back to Asia 
Minor. He bcf atne. eventually, pbysician to Marcus Aurelius (a.d. tdl- 
180). Galen was a braggart, and, unlike Hippocrates, rqsorted only soch 
casa as were successfiil and redounded to his credit. Nevcrthdess, even 
if we discoont a large proportion of bu dainu, he was a remarkable 
pbystdan. He wrote more than 300 hooks, ofwbichonly 118 survtved 
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a fixe ia his own Kfetiine. Hc ke{>c twelve scribes contiiiuously busy 
recordtng his anatomical observadoos, his selecdve casc-histories, dic 
drugs be prcscribed and also his boasts. His chiaking was dersvadve from 
the Gtcck ’humours’. t£s anaramy was qiiite mislcadiug bryaiw, in 
spite ^his cxpeiicoce with ^adiacon, be was influenced by the prevail- 
tng objecdon to human dissecdoa and drew all bis human aaalogies 
from the studies of animala. Morcover, his works are hiU of supenddon. 
But onc feels that this was in a way dehberate because be was timply 
accommodadng himsclf to the fåshions of his nme. In his own ri^t, 
and in his own dme. Galen was a grcat physictan. Unfoitunatdy the 
teputatioQ which hc le£t behind him was to corrupt and prevent the 
advance of science foc anochec fourtecn hundred years. As late as J5$9 
die Collie of Physidans in London condetnned onc of its FcUows, Dr 
John Gcynes, and fbrced him to rccant whcn hc dared to suggest tbat 
Galen's works containcd erron. 

The grcat contribudon whtdi Rome made to tncdidne was in tes 
military hospitals and ia remarkable drainage systems, aqueduca fiar 
fresh water, and publk baths. 

to applied sdaices, too, the advanccs made in Roman times were dis- 
appotndng in compatison with the enormous opportuntdes whidi wetc 
ofiéred. Roman aiclutcca, builders and cngincen superhly apjdsed and 
amplihed processes and teefaniques inhented fiom the Gteek wocld, but 
one 6nds very litde evidence of revoludonary innovadons or novelcies. 

tp. mSBASB AND DECAY OF BMPIBES 

We can pause with Marcus Autdius and with Galen because here was 
the last of the grcat Romans as wdl as the tast of the great Greeks and, 
iodeed, their professional rdationsbip - Emperor and Court Phystcian - 
was itself symholic. By diis tune the Roman Empire was already in 
decay. Rome and the odes were fill of peasana who had been driven 
off ebeix farms by malaria. One of the factors in this movesneat was that 
die grcat tands of fertile, well-drained soil and fums oo the oplands had 
passed into die hånds of landlords who had culdvated them by slam 
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bbour whilc Jeaving tbc pooter areai to the pagatu - a word derived 
bom pagi or marrhff. bi marsbe* tbc nularia mosquito bred, and 

(fae di yw md the poven/ drove tbetr victim« into the cities to spread 
the infecrion, The dbease apparcndy extcnded to the froiiticn of the 
empire, the ganisons, depopuladng the towns and, in a 

^imav whicfa some authorides think wa$ an outlmak of petdlendal 
^it may have been onaUpox), led to the final brcak-through of die 
barbarians. 

It is «gn«A<-anr dttt simultaseously tfae same thing waa happesiing to 
the Han dyxoscy inChina; the firondcr defimces of a well-organucd and 
well-adniinistercid culnire collapsed and Icft the way opeo (ot the 
bivadii^ Mongols. 

In die process of decay. even before the death of Marcus Aurelius, the 
Roman prormces had bcgun to become more and more eoonomieally 
This was due CO the bct dut they had imporccd imm ig r ant 
cnfismcn and experts and bad established tbcii own iodustries in com* 
peddon with che original centres of producdon. 

At tfae same rime, to avoid the dty pJagues and t a x at i o n , the aTistt> 
crats had moved into their country villas and had established thcmsdves 
on a of near telf«sttfiiciency. As a result of tbc oew developmens, 

evoi as early as a.D. 50, d» agticultural system was bcing dunged to 
woi^ hy dependent tcnants, or share farmers, pracdsiag sub- 
agriculture mi giving secvkes and surpluses to the landlord. 
This was the chacactcrbdc; liter, of medieval Europe and the manor 
system. Bue these Roman csntes vrauld indude hiied crafemen, such as 
weaven. smiths, carpenters, baken and so fotth. Wbereas 

originally the country bousdiolds had tumed to thdr vtllagcs and local 
towns for such hdp. oow they were pracdcaUy self-containcd. 

This led to a very serious dedine in the urban industrier and the inw 
poveréhmcnt of oocc fiouxishiag dties. The process can be measured by 
the accual coottaction of urban areas. After a.d. 27$ Autun bad shrunk 
(rom neady 500 to less than 25 acres. In Verulatniom (St Albam) the 
of dty life was cqually dear in ihc third oentury. When the town 
walls collapsed and the theatre &U in, nothing was done to repair them. 
At Wroxeter the town centre was bumed and was never rebuilt. This 
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was die beginning of the ruin of the analler tradesman and wu the 
coroUaiy of the decUne of the primary producer - the peatant furner. 

By A.D. 250 all semblance of piotpericy throughout the empire had 
vaniahed. The banlcruptcy of the Roman economy was quite clear to all. 
Ic ihowed itself in the spreading of famtne and disease, which are the 
eoncomitanu of poverty. In die r jo yean before barbarian invaders 
&om Germany finally disrupted the poliåcal structure of the empire and 
began ebe Dark Age of Europe, attempts were nude to rescue the 
madunery of govemmenc by an even more intensive fonn of centralisa¬ 
tion. But the impoverishmene of the empire and the dccHne of its popu¬ 
lation naturally reacted on ebe State itself A great army was nee^d to 
defend the fcontiers. And the army had to be equipped and paid. The 
cost inereased as the Emperon were fbreed to hire barbarian mercenaries 
from abroad to nuke up for die shortage of sative reeruits, owing to 
popuktioo dedine. Administration and coUeedon of revenue requited 
an elaborate, oosdy dvil service. The Emperors qient vast sums on publk 
works. not ooly 00 roads or the useful amenides of life but also on 
luxuries hke the great architectural sbowpieca. While the economic 
system vrås expaDdmgitoouldeasily stand the scrain, butwhenkteacbcd 
its limits the central treasury began to coUapse. 

20. FRBMATURB FASCISM 

Nero employed a trick which was to be repeated by govemments in 
our dmes - he fiddled his deficit by debasing his curtency. Not only was 
taxadon iocreased but compulsion was applied to industry and com- 
merce. The guilds ofoufismen and merc^ts, originally fiee assodap. 
ttooa, became, as in I^sdst Italy and in Nad Germany later on, the 
organs of the State for ensuring the ‘loyalty* of dieir membcis and the 
supply of workers and matctuls. The employees tn the public services 
were in fået dvil conscripts who were bound by employment, often 
branded phystcally, and allowed to marry only inco fåmilia offidlow- 
workecs. No one was now firee to adopt or ply a ccafi but was com- 
pelled by law to f<dlow one. 

The featemides of ship-owners, teamsten and transport worken in 
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general were brou^c under nubtary disdpbne. Tbe £Md supply and 
civil ajnenicies of che City of Rome had to be maintamed bccause tbe 
Emperors had to rely oo tbe support of in pcople for thcir appointmcnt 
and £br tbeir condnuance. bi Rome bread was supplied gratis and 
drones werc giveo on 175 days of tbe ycar. Romebecatne 00 more dian 
a ^cified court of tbe Empcrors wbose bangers-on had to be kepc 
bumoured by exacdons imposcd oo the subject-peoples. 

Ptices were fixed througbout tbe empire by edict, so were maximum 
wages. And the right to strike was forbidden by law. Tilis, of coutae, 
left bandttey of beggary as tbe sole resort of che oppresaed ttnanc trying 
to escape from serfdom or from debe. bi a.d. 333 tbe fint Christian 
Empcior, Constaadae, made the attadunent of the share-frrmer (rolmNs) 
to ^ landlord enfoteeablc by law. In 371 the Emperor Valendnian 
decreed: ’We do not deem that tbe sbare-fumen are fi%e to leave the 
land to which thdr eondidon and birtb attadicd them. If they do, let 
tbcm be brougbt back, put in chains and piintshed.' 

Tbe results were inevitable. Agticultuic is a way of bfe. Ic cannoc be 
maintained by reluctanc frriners oc by $lave 4 abour. Ic is essendally tbe 
idendey of die peasanc wich his soiL ir means nursing his holdmg for his 
posterity and ifhe tees no future, tbe soil uno longer his child. Neglccted, 
it bccomes siddy and dies. That was die £ate of the granaries of tbe 
Roman Empire, b was lilce a great estate administered by an absentcc 
landlord, wbo had n^iected its fences and its steadings, oppressed bis 
tenants and extotted tbeir products to féed people whom tbey bad never 
seen and wbo meant nothing to tbcm. Tbe soib, lilce the empire itselfi 
began to cnimble at tbe edges. It was allowed to become exhausted and 
its cosuervadoo systems feli into decay. Utilike ibose ganison«(frrmen 
who had pusbed out into tbe North African desert, had con^uered tbe 
sotl and had built the fordfied frrmhouses to defrnd tbeir lands against 
ailcomcn, tbe peaamts on tbe perimeter of the empire had no possessioos 
to defend and diere was lictle to eboose between the ravaga of die 
barbarians and tbe exactiotu of tbeir imperial landlotds. frt the decline 
of che conservado« systems, dcseascs like mabria afficted and dedmated 
the pcople and the milicary garrisons. Tbe way was wide open for tbe 
barbarians. 
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31. CAHOllS IN TRB DASK 

In (he coUapse of the wider empire tbe Ronun Capital was moved to 
ByBandum (Constantinople). So, in tHe castcm Mcditemnean. which 
had been the cracDe of previous dvilisacioni, survived a part of tbe empire 
whkh had been Rome. In tbe Byzandne Empire aome ofthevesogesoT 
high colture and rebnetseni (albeit comipted) were tetained. Most 
craib were praettsed with the technical skil! and cquipment evolved in 
Greek and Roman times. Baicer, to which communities ebewbcre were 
compelled eo rererc with the coUapse of tbe Roman monetaiy system, 
did not endrely oust the money economy. Nor did the stringencies of 
local self^uffidecicy paralyse exporc crade completely. Greek 
cootinued in the public hospitals and was preserved, to bc catried tnto 
the Arab tradition later on. Thejews. in their dispersal after the destne- 
tion of tbe Temple in a.i>. 70, took mth them not only tbe common 
bonds of tbeir religiem but the knowledge and »Itilh of tbe dvihaationt 
of which diey were tbe disinheiitcd hein. Thus from Paksdne derived 
not only the new religion, Christianity, which was to give its character to 
Western dvilisation, bue also die wandering Jews, the landless eadles who 
practiaed as tzaders, bankers, skilied ccaftsmen and doctors, «fa tr.»ring 
the seeds, often 00 inbospitable grouad, of the matetial values of the 
past. 

In tbe nortbem provinccs ^ the empire, however, the ailtural losset 
were mueh more Krious. In tbe ftaedonation of what had been tbe- 
Roman system, communides letrcated tnto isolation. Thetc world 
narrowed and the lights dimmed in tbe Dark Ages. In scpacadon and in 
conAict the sodal units were driven back ineo local self-suffidency, a. 
precarious coodidon where a seasonal ftilure toeant buntoe, for which 
there was no relief now to bc obtained ftom imperial surpluses and 
imports. 

Tbe vogue of modero sdentific history is to remind us that the Dark 
Ages were not as dark as we used to think they were. That is troe, par- 
dculacly doce tn our parochialism wc think only of tbe era in Europe. 
Elsewhere dvilisadoos were flouiisblng or teasserdng themselves. In. 
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ChiM, for examplc, our Dark Ago wcre die Golden Ago. In India it 
w« (be age of Stumfe, die encydopcdia of Hindu actenoe. In it we find 
them practiiing ‘rlanoplasty’, which meaxu tutning down a ftap of the 
skin of the forehead to repaii unsigbdy nose dcfécts, and alio dcmon- 
strates tbat thcy knew, wbat die roodcni immunologist ieamed, tbat the 
body ryttem rejern alien celk So if an atwnipt u made to graft a piece 
of skin OT flgdi ftom someone else, die graft will not takc. Only like 
will repair like - the graft mu$l come from the person of dic patient oc 
from an id cpri«! twin. The Hindus at tbe tune of our Dark Ago knew 
diis and used the ftap method. taking a patch from die patient, nourithed 
by tbe persons own biood supply. They bad a range of* lao surgfcal 
mrtr^ ? nv ^ ^ ^ any of whicb might beloog to modem surgical pracdce. 
They used oould diagnose 1.120 diseases and knew the 

medicinal valuo of 760 plants. 

In Iran, in A.D. 530, wu founded the univosity of Jundiihapur. In 
che Cabphs of Bagbdad were the patrons of leaming and 
ofsucb men as Rhaso, the lute-player, one of histor/s grcat doctots. 
Rhaso anridpated Pastcur by more dun 1,000 years, bccause whcn he 
wai Of dered by the Cabpb to build a ncw hospital, he bung up picccs of 

frob meat in various parts of Bagbdad and cbose tbe site where the meat 

putrefied most dowly, becausc, as Pasteur was to dcmonstiate, the 
atmosphere was purer and bacteria tos acove. 

From tbe springs of knowledge tbus preservcd tn die Middle East 
came the Arab medicine whichsptcad through North Africa and readied 
its bighest expression in die grcat univosity of Cordoba in Mootish 
Spain. In addidoo to this stream there were odiers whicb conve^jed, in 
tbe case of on die College of Salemo, near Naples, whicb was 

the ftnt medical school in Christendom. The Church, however, had no 
part in its foundalion. Reputedly it was started by four masters: Elinus 
tbe Jew: Poneus the Greck: Adale tbe Arab; and Salemns the Ladn - an 
index of its medical sourco. 

The lights were not endrdy out Hic barbarian hordes in Europe had 
not desttoyed all tbe men of leaming or the oaftsmen and merebauts. 
Tlic Chux^ itself kept alivc die tecfamquo of writing and of numbering 
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Uld the nuasuremoit of time, u in docks, and refincmcnts mch as 
gUwvl Windows. And in the monastcfy gardens and in the chutch 
glebes rli<»y praenswd sdenrific and exodc a^ricultxirc. WhUe the crading- 
and gatiison^itses iéU into decline &om their original importance, chcy 
wete rcpUced by the cadiedial dties wich their permanent beaudes 
crafismanship, the dedkated expr^on in stone, wood and glan of the 
arts of &ee men. 

In another way, the coUapse of the empire had a pervene value in 
agriculcure; ir compelled peasants, and their feudal lords, to find farming 
methods more consistenc with the local condidons of northem Europe, 
to work out their own »oil-salvadon. 


22 . CBtTIC OTBBFOFULATION 


When the Romans arrived in Bticain they had been preceded by die 
Celts and the Belgae. The Celts had already developed setded fimning 
with yards, including the fiumscead, bams and byres, and they 

had dlled the ground with a ptimidve plough. The Belgae, from the 
Condnent, had introduced the heavy eight>ox plough, with coulter, 
share and moii]d*board, and had, alongsidc Celdc square-field culdva* 
tkm. ptaedsed strip-fårming with surplus yields of grain. 

M<^rn air survey has shown the widespread culdvadon pnedsed 


by those pre-Roman Britons. The groups of fields are shown usually on 
die uplands where the natural forest, if it exhted at aU, was moce eadly 
cleared than'the dense oak woodknd of the valleys. (This, inddentally, 
was the same reason why the Pilgrim Inthers setded tfadr farins on 
higher grounds whilstforest valleys, culdvated since, werc chen avoided.) 
T Ki«, of coursc, is in contrast to tbc developmenc of the alluvial river- 


of the andent civilisations. Culdvadon in Bricain, with its higher 


rainfall, was not dependent on irrigadon. Where springs did not crist 
on the uplands (for the watering of stock and net for irr^don) the 
an rkn*« developed the system of dew-ponds, as on the downs. 

It u <)uim clear firom those aerial surveys dut all the Bridsh Und capahle 
of and produedvity in terms of exssdng methods was already 
setded when the Romans arrived. 

Professor Dudley Stamp has esdmated that the area culdvated and 
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cropped nuy have been abouc 4,000,000 acres, mch addidoml sheep 
and cattle pascures. There is evidence thac Britain, in Roman times, was 
already growing wfaeat as bread-gram and dsac lye. wbkh was to 
become tbe bread of the pooi, was intzoduoed later by the Anglo- 
Saxons. 

Tbe Romans an believed to have introduced tbe chatnat, the walnut 
and the vine, but cheir impaa on Btidsh &rining was significant ooly 
io eemis of tbe iotroduetton of rhe ‘villa’. The villa was tbe ancestor of 
the country estaie. It was always within reach of a city, which to the 
Roman overlord vras the centre of civilised life. The owner cultivated 
the adjoinii^ fidds wids the aid of slave 4 about bat probably let olF 
part of his estate co lenanc farmers or shace>croppers. He cultivated for 
the marfcec. But away from the Roman towns and the Roman toads 
aghcultuTe remained very mueh what it bad been in pre-Roman titnes. 

After the Picts and Scots brolce through Hadrian’s Wall and tbe 
Roman &nns and villas became exposed to attack, die Romans widi- 
drew to tbe towns. Hnally, all Roman tioops and officials were with> 
drawn in the middle of the fifth century. 

Tbcy had come to Britain as empire builders convinced dut tbe 
Roman way of lifé was the best of all possible foc vsetor and for van- 
goished »Vkr , Therefore it was »ometbing to be imposed even if people 
were unwiK or ungraceful enoi^h not to want it The Romans left dieir 
permanent imprint on Britain in the form of towns and magnificent 
roads. But they changed dse rutal pictu» scaredy at all, uniike the 
Ax^lo-Saxoos wbo foUowed them. 

2}. INCLO-SAXOie OVBBPOrULATtON 

The impact of tbe Gcrnunic invaders wasguite dificrent because dsey 
came as settlers and not as the pro^onsuls or policemen of an empire, 
like tbe Pilgrim Fathets entering New England they came in village 
groi^, established a aecclement, deared tbe land and worked it 00 a 
comoiunal hads. They came as fiinnen who knew the valiK of good 
land and they always placcd their settlemcno near rtreams or springs 
so that dsey could have waterside meadows for summer grazing and 
hay for winter feed. This communal form of life lesulced in viUages (in 
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conciast to villas). Like tbe Bdgae, ehey fiivouied strip cultivacioo nther 
cban aquaie fidds and thdr plougb strips aocount lix tfae quaint nami»!t 
of Bricuh land mcasures. They plougbed ao ehac cliey turned clie sods 
towacds die centre of the strip and this sod-strip was feec wide, 
giving us the rod, pole or percL ’Purlong' is the leogth of an Anglo- 



A 6 



A. Incerior of cbe vend. C> Loogicudnul lectioa dwwntg metbod of 
nepptng the mast 

B. The restored Gokstad (Vikån^ «hip, teen from die itarboard tum 
(c. A.D. 8 oe}. Lengdt 78 feet overall, bcam id.7 &et, depdi d.75 iéet. Tbe 
munp of tbe nu» rites in ifae cenoe, with three supports Ibr swning. 

PCMW ihields still ban^ 00 ifae bows. 'Hk ueeting oar bas a diler handle. 

Saxon furrow - zao >‘ards long. Given cbe lengdi of a fuxrow and a 
widch of fbur percbes, we have one acre. An acre, on loomy »oil and 
with the Anglo^axon plough, was the excent of one day’s ploughing. 
Tbe lasger unit of land was known as a kiJe, whkh can be caken as a 
variable unit of measurement, theareawhich, under difieringcooditions, 
coold be ploughed by one ox-ceam in a year. Tbe smaller yarJiené or 
pirgau was the area which oould be farmed with one pair of oxen. A 
stnallhoiding of about five acres was what could be culrivated by hånd 
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by pan-time fkræcn (wtth odur work to 4 o oo the estate). It is imereu- 
mg that the avetage kitie of the Anglo-Saxoas (aboat lao aaes) is sdll 
abouc the average amount of land held by tbe prescnt-day Britisb 
hxmer. 

Village p]ough 4 ands wese held mconunoD. £acb man was responsible 
£or the ttrips whkh were allocted to hizn annuaUy but the ploughing 
was done by ox>teams thared by the vtUage. Roution of oops was 
pnctised even in tbose days. Bach village had three oommon fields - one 
in btead oom; anotfaer in drink cocn 0>*tlcy); and the thiid lying &U0W. 

The Anglo-Saxon lårnucs were not kcen od the red and black soils of 
tbe cbalk lands whkh had been htvoured by the Cdts. The dcep Iron 
plou^ woold have tiuncd up the gb«lk- They appeat to have avoided 
coarse sandy sods and gravel, widi tbeir loss of water, and also the clays 
of tbe forest lands. Ihey looked Ibr lands Iree £rom floodittg, with tbe 
good deep loam which they found in East Anglia and aloog dse flanks 
of the Sussex downs and the Cbiltcxns. 

One thing is clear; befoce the coming of tbe Normans, the Auglo- 
Saxons, the Jutes, the Daises ond those amongst whom they had settled 
had &rmed most of dse tand which it was possible to cultivate by tbeir 
existing methods of cecbnology. Apart from tbe arable land, the avail* 
able woodland pastures were already being fuUy grazed. 

*The evidence ts steadily accinnnlating that lowland Britain was, 
according to the agricultural knowledgc and iarming systems of the 
time, already densely populated, even ovet-populated,’ 

writes Pioléssor Dudley Stamp in Mm md tkt Ljmd, teiétting to the 
time of the Norman Cooquest. 

24 . NOEMAK OVSirOfULATION 

Ihe Norman Cotiquest produced one of tbe most remarkable docu- 
meno in history, k is ealled dse Domesday Book. Afcer he had been 
teigning for nineteen ycan, William tbe Conqueror deoded that he 
must have a stocktalong, or inventory, of the land over which he culed. 
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‘Hc dMH sent his men all over EngUad, into shite. and caused 
diein to find out how many hundred bides wete within that dure 
and what the King had himsdf of land and of cattk and whac rights 
be oitght to have yearly fiom dut shiie.’ 

It was done so thorougUy cbac not a angle hide ot yarJUmd wcoe oa* 
noticed. *Not was there an ox or a cow, or a swine that was not set 
down.’ 5 o there is a complete and pennanenc record of the fanns and 
the scoclcs of England nearly 900 years ago. 

Dudley Stamp draws an amusing parallel between dsc Domesday 
Book and the Farm Survey which the Brituh Government carried onc 
in the Second World War. Investtgators went out to get a complete 
record not only of the distribution of the land but also how farmers wete 
creadng tt Tlkcse reoords weie 'brought to the King afterwatds* wich 
the help of punch>caid machines and in the form of souUess statUtks 
quite urUike the coloucful records of the Conqueror. That 1940 survey 
has had to be kepe seoee because ic classified fiumers as A (goo^ 
B (average) and C (poor). and the latter could pcoceed for lihel in a 
British court of law! 

k is, however, a sale and comfbrting generalisatioa chat Bridsh sods 
which were worked at die time of the Domesday Book and beforc are 
in as good ‘heart* coday as dien, and are probably mudi improved. 

Anodier dung which Dudley Stamp brings out is tbc ptofound effeet 
which the Normans, who came as axistocrade sectlen not as pickets of 
empire, had on the Er^lish couneryside. They stabilued ^ feudal 
system. They pinned down the landscape widi their strongholds. They 
confirmed the village system by repladng the wooden Saxon churches 
with the enduring stone of the Norman churdies; tbus, just as in the case 
of Mesopotamia and Egypt, the dllen stayed with dieii altan, and the 
pattera of rural sctdemenc became a one. And the Normans made 

the hant the qoast-sacred ritual which its pink-coated hkrophants 
observe to di« day. 

Only now in the twenrieth century can a good word be found for tbe 
hanh Forest Laws of tbe Norman kings. k is diificult for anyoue brought 
up on Ivmhoe, The Advatluret of Rahin Hood and die CkcUrm of th« Nnv 
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Førtst to tealise tfaat cbe Normam wete puUic bcne&ctors and duc 
agriculcucal England today owcs dKin a permanent debt. The Forest 
laws were rutfales. They dividcd the land inco two parts - tbe settled 
parts where tbe ocdinary laws of the land appHed. and the forest whJch 
was reserved for the king absolutely. Ihose 'fbrescs' were not coiw 
tmiwus woodland, as the name tnight suggest, hut were traces of wild 
bnd, often open rough ground as Exmoor and Datonoor are today, and 
pcobably were tfaen. bidced, soene of the well<«mbered lands, like cbe 
oak forests of Kent and Sussex. wete not scheduled as ‘{brests’ in the 
royal sense. Hnnting grounds were on lighe risky soil, which like 
Sherwood and the New Forest ate still dassified as 'marginal’. 

tf we accept the faet tbat by chc time of cbe Normans Enj^and was 
abeady ovctpopulated in terms of land which could be worked by cbe 
tfaen existing tnediods, k is clear tbat tfaere was already preasure on tfaose 
Rutgiiul lands and duc tbere were unwise attempts to settie them. The 
fh iTKTf of successfiil farming were remote aisd ic b an ironical &a dut 
cbe rudiless Forest Laws, wictingly or unwicdogly, were, as I06$ anJ 
All 71 uf would say, 'a good thing'. Even tbe compassionace Dodley 
Sump says of cbe forcst^wellen, ‘Perhaps their dupossessioin was for 
theirowngood.’ 

It cercatnly was for tbe good of tbe soils of England because k pre- 
served die balance of nature at a dme when indbcrtminace agricultural 
setdement might have drasdcally upsec it. Ic preserved tand which could 
be ‘coaBed* by tater developmencs in busbandry. 

Nevercheless, as social measutes tbe Forest laws of tbe hrst Norman 
kings wete harsb to the point of tbe intolerable and k needed tbe Magna 
Cana and the Forest Charter, two yean later, to restrain tbe abuses. 

He would be a rasb man who would extoid tbb jusdfieacton of cbe 
Normans to later but sinulac enfoccesnents in Scodand. The Scots, look' 
ing at the empty giens of highland ancestors, will be more difiicult 
to persuade dut the dearances whicb foUowed tbe Jaoobite Rebellion in 
1745 were abo ‘all for the best'. When Scotdsb exUa, scattered aU over 
cbe wodd, don cfaeix tribal garb and invoke their dan ori^ns, tbey keen 
the bment for tbe abandoned giens and fbtsaken bilis. Tbey recaD how 
tfaeit fetc&cbers were driven oat of cbe Highlands inio far countiies. 
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'Ilicy talk of che pcople who wcre driven out of tke glem to make room 
for sbeep. to supply the wool mills of the south, and how ebe sheep 
later gave way to die decr, for the spon not of kings but of wealthy 
En^ish busoMst men and vindng Americauw. Thcy denouneed dMMe 
who emptied the Highlands and tumed them into Kcnery. In tbeir 
teproaebful nostalgia diey are not Ukety to be penoaded that it was really 
a kindness bccause the Duchess of Sutfaerland, who was respoasible for 
the fint eviedons (i$2o) had been advised by a groupofagrioilcuialists 
th»t the lands were onsuitable for humans but suitable for sheep. Today 
ncarly four millioA acres lie desolaie ‘and stiai^cs lords, by vagrant 
pleasurc led, tråde the looe deer’. This, whatever may be said of 
die Forest Law in England, was a running-down operadon in Scodand - 
a perverse lesson in eedogy. 

25. BLACK DBATH AND TH8 BLACK COCNTBT 

The Black Death of 134S-1S9, wben batf the populadon of Britain 
died, produoed radial changes in the farming system of the country. Ic 
may icxlf have been in part due (although ics direct ause was the flea- 
carried bubonic plague) to mabiutxidon in a country already over- 
populated in reladon to the food it could produce. le was niainly the 
labourer who died, because he was hungry and bccause he lived tn 
hovels ovemm by the rats wiuch harboured the pl^tie. The Bbck 
Dath wiped out vrhole country conununides. Land was untUled and 
Tillages deserted. 

Beause of the shoruge of culuvators, diere was a swing (rom arabte 
(arming and crop-raising to sheep farming. It is rcckoned that around 
that dme the sheep populadon incrcased to 12,000,000 in England and 
this produced a doser bond than had eidsted before between town and 
country, because wool was the source of common survtvai. It becaxne so 
imporcant tbat the Lord ChanceUor, presiding over the House of Lords, 
sits on a woolsack to this day. Wool was the basis of an export trade 
which brought in Staples, like corn, to eke out the diminisbed ce r eal 
produedon. And so k was, in a sense, the beginning of cottunerdal 
England, of the era of the merebant ptinces. 

This pastoralising of England was, paradoxically, the forenmnet of 
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tbe IndtscrUI Revolutioa. P«ople fi^et dot tb« IndustrUl RevoluQon 
did noc b^in witb tbc inTendon of tbe steam-engine, but witb tbe 
endosures of tbe commoo bmdt oo wbi^ tbe yeomcn and conunoners 
bad tb« to graze their tbeep and catde. Hw endosure of these landa 

witbin tbe great ettatcs b now rccognised aa a pracdce beneficial to the 
t»nd, bowever harah ic may have becn in its effécts oa tbc peoplc. It 



Pott miQ widi auiåliary tirive lo dnan by 
whkh tackl of gtaia <ould be Med. horn a 
fifteeodKeacuiy Gernuo mwuK&jK 


enabled land vrbkb had gotw out of culdvadon fbllowing die Black 
Dcath to be brought im^ tbe plough again, and ic reatoted proper 
land management in terma of drain^e, fencmg, rotation aod ooo- 
tervadoo of pastutet. It meant, bowever, diapossetson of frce men, and 
by ibe dghteentb century had prodticed a Bow of the landless into tbe 
cowna to be available aa Idxiur in bictoria; thete were workshops of 
bired bands, even belore tbe incroducdon of the spinning jenny, tbe 
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mechanical loom and the iteam engioe wbkh Uter cepUccd the water- 
wbeel as the soucce of power. 

With the development of the export trade and of die luvy needed to 
proteet h came the onslaoghts on tl^ great native oak forestå. (A curious 
fbotnote to this is the £wt that the shipbuilden determined the foresc 
management tn a way whidi is sdll evident in die England landscape 
today. They had to dnd their curved ttmben in the shape of the Umbs 
of the tiee - while catdng the straight plasks &om die trunk. The 
vartety of huU-shapes could only be obtained if the branches weie 
allowed to spread in certain ways. So trees were sdecdvely cut to 
produce this ejfea and the densc oak foren whidi had defeated the 
Anglo-Saxon Emners was replaced by the coppices.) The other &aor 
was the demand tor iron, for cannon, chaios and armour. As wc have 
seen in other parts of the woild. the nced to get chatcool for iron-making 
and tor cement played havoc widi the dmbcc-lands. Mueh of the de- 
forestation of Btitain wu dircctly due to the iron-smeldng indnstry. 
Tlie Southern woodlands disappeared and die iioo industry of the 
Weald, m ICent, came to an end with the exhausdon of wood cbaicoaL 
Then the industry shified to the Midlands and the coal seains of the 
Black Country of the ironwocks. 

Coal had been mlned in Britain for ceneuries befor« it replaced char- 
coal in iroo smeldng. The fiist charter giving liberty to the town of 
Neweasdo-upon-Tyne to dig coal was granted by Henry m in 1239 and 
in Scodand the Abbot ofPtinfermline was granted a charter in 1391. The 
ilrst nun to smelt iron-ot« succestfuUy with coke (in which the barmfiil 
snlphur has been removed from the coal) was Abraham Darby in 1709. 
\(nth edee, die iron bocame more liquid in the smddng process dun it 
had done with charooal and it was thus posstble to make lighter casdngs. 
Acound 1^50 eoke-produeed pig>uoa had adiieved the quahty which 
the forge-masters were prepat^ to accept This is a significant date 
because iron-making had encouraged the extension of coal-minii^ and 
eoke-iron. A new abundant sousce of fud was available for tbe tteam- 
engincs. 

The stage was thus set for che fint Industxial Revolution. The land- 
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len were avaiUble as fiictory worken. Maas>produce<l iron dunged 
metal-workcn from blackssuths mto machine-malcm. Mas»*produced 
coal was abundant as fucL And James Walt was aboux to inTcnt tbc 
steauKogtne. 

24$. OUT or THI TAST INTO TUR rXBSBNT 

Tbat invendoD wc can count as tbe end of the past and thc bcginoing 
of thc present. Out concempocary scientific aod tcchnotogical civiltta> 
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Watt’i Dovbk Actin^ RMadve Sceua En^ne (17(4) 


tion B DO oider tfaan dic United States of Araecka, thc poEtical founda- 
Qoa of wbich ceindded with the advent of the steanveogioe. 

The were now able to produce surplus wcalth oo a scale 

nevet posstble to peevious history. Ftom the material prospeiity whiefa 


I 
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resulced, men obtained che roeans and inccndvcs which have made 
poaible the marvels of the mid><wentiedi centiuy. What we tee coday 
i5 the aoceleradon of a proceas which has beeo going on coodnuously 
for aoo years. Induscry provided che demands and set the pace (ot 
science. (For example, at the end of the eighceauh ccncury when fåo 
tones made the mas»-produccion textilcs possible, the mill-ownecs 
woold have been baikcd if they had bad to cdy on sun>bleaduDg of 
th wf &brics. This wa$ the duJlcngc to the chemiscs to ptoduce the 
blcacbes.) Ic was the new indusaialisc like Watt, Boulton and Wedg- 
wood wbo reinvigonted the Royal Society of London. It was a Btitish 
industrialist, James Smichson, who cndowcd the Smithsonian Intdtute 
in the United States, which he bad nevcr viåted. The industrialists, with 
their new wealth, baciced the curious cnteq>ri3e of Benjamin Thompson, 
the American 'colonist* who hecame Count Rumford, asid established 
the Royal liutitution. He promoted die idea of ‘an establishment for 
féeding the poor and giving them useful employment... connected 
with an mstitutioa Ibc bringing forward into general usc new inventioDS 
and improvements, paiticularly such as relate to the man^ement of 
beat and the savtjig of fud and to various otber mechanical contrivances, 
by which domcstic comfoct and economy may be promoted.’ But it also 
induded the ‘teaching by regular oourses of philosophic lecturcs and 
experiments’. Tbus it providied the laboratory and lecturing &cilities 
for Sir Humphrey Davy and for Faraday. In terms of tbe latter, the 
Steam Revolution duis promoted the Electrical Revolution. 

Indusery stimulated sdeaice. Science set the pace for industiy. In 1S40 
a new word entered the dictiomry - ‘sdentist’. The ‘man of science’ 
vidio had hithetto been indulging hts curiosity abouc natural pheno- 
mena now became a vocational ‘^t'. Sdenoe was no longer just a part 
of Icamiog; it had bccome an end in ttself. Tbe degree to whkh this 
specialisation pr^ressed can be measured by the foct that in 1870 tfaere 
were only six fa^?<-h"g laboratories in England but by 1900 there were 
over a thousand; 'icientists* were coming off*tbe productioa line. 

The nineteendi ceneury tnight well be summed op as tbe age in which 
the Machine took over die funedons of Musde. The first half of the 
cwcsirieth century was the period in which m ac h i n es began to cake over 
the fuoetions of the human lenses u well. Eleccronics have given to 
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induttry devices whkh ace more sensitive, more accurate and, indeed. 
more reluUe tbose scnacs of sigkt, heating and touch whkh fint 

diHétcamted out tree-ooccston &om tbe gtoundlii^ bcasts, and the 
devdopmeDt of whkh produced the convoludo« of t^ brain of chink- 
iog Man. Ilse photo^ectric ceU, for its ptcdeterrained putpoaes, is 


Tbe fint fijein of BenexDcr’i nortUe oodvcncr (iMo). A. Tbeoonvener 
b<fi)(edurgiBgbeBi(it.B. Molten iroobeingpoaredinio tbe converter. 
C. Ponden during blow. O, B, P. Upptng into bdle. G, H. Bottotn and 
talere through erUdi air pMct 


more ptedse and cotutant cfaan the human eye. The mkropboBc can be 
refined to, and beyond, the ^culty of human hearing. Electrotik devices 
can conizol and mampulate massive machine-tools with a ptecisioD, 
where ncoessary, ofa millioath ofan tndi-fiu beyood the ‘feel* of die 
most skilled crafeoun. The elecsonk computoc indudes a ‘memory’ 
more infeUible than Man’s, can do calculadons hundreds of thotaands 
of tiines faster than any mathematidan, and witbouc human feailty or 
compunedon will exerdse Man-giveo judgments, or even, in the highly 
advanced types, make value^udgmeats of tbeir own. 


1 

i 
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37. MAN SBtlNKS HIS WORLD 

Man bu eocompassed his world with arti£idal sacellites; hu reachcd 
out for die mooa; and, beyoDd ic, for the sun. He bu ledaced his planet 
to dimensions whicfa can be aicircled ooce an bout by a tnaehinc of his 
own creatioii. In the coune of a single day every plaæ on euch will pus 
under such a sateUice in iis orbit. 

There may be escape routes to odier planets but for mankind in 
general ibose circting satellites sbould bc a reminder of die small woild 
on whidi the multiplying millions have got to conmve to exist. Tbey 
sbould be a reminder to us of die totaliey of our present civilisation. 

£ver H<nno sapUns first began to tnuter his environmcnt his 
species hu survived and muldplied because it bas been possibte to extend 
the local hmits of capadty. In the put, those limits were extended eitfaer 
by tcchnological means such u irr^ation or by expansion through 
empire or emigradon u wfaen the ncw condnents were opened up in 
the nineteenth century. Now the local limits ate global limits. Man bu 
to bccome, by ingenuity and wisdom, the niuter of his environsnent on 
a worM scale. 

Knowledge, which is what sdeooe is, is not wisdom. Wisdom is 
knowledge eempeted by judgment and judgment is the awucsiess of 
put expericnco- and, most important, of put mistakes. That is why this 
book hu given so mueh attention to put dvilisadons before ie &ces the 
challenges and oppoRunides of our present dvilisadon. 
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A Pause for Thought 

Tnie Kks« ccadiet tu to doubt, aDd, n ignonnw, to 
rdhiB.' 

CLAVDI •SKNATP 


1 . SADtOACTITB KAIN 

Ima gme thc geoic of AUdJin’s kmp bett^ ordercd co escorc a rain- 
<iiop frnm the middie of the Pacific to the sourccs of thc NUe. 

He w>>iil<i caich it as it inco dx ocean. 

it would clude him by turaing into waKr vapour in ibe pabn ofhis 
band and by escaping into a doud. 

He would hang OQ dw skirts of thae cloud, as ic scorried over the 
Rocky Mountains; 

^ve afier the taindrop again as ic fell into the head>watcts of cbe 
Mimssspt; 

Swisn after it down the river to the Gulf of Mexico; 

See it evaporate again on the tropical beat of the Caribbean to be 
carried by the disnatic currents to the mountains of Etbiopia; 

And he would go plunging witb it into Lake Tana, to foUow its 
joumey down cbe Blue Nile. 

Thae is not, nowadays, a nursesy story. It u sdendfically possible to 
potsoe a raindrop in deis way and to leam from it dte hidden mysteries 
of our diinace. 

The 'gense' is tridum • triple hydraen - a tadio-botope. Tridum a 
needed to produce, and is released by, H-bomb exploåocu. Those 
exptosioDS are the result ofa process like thae by which the tun produces 
the rays of energy oo which all Itfe on earth depends. In dx sun, wich 
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biOioiu oTyesn in wbich to do du Job, the proccssis complicated, but it 
cofuist) of budding up hydrogen atoms into helium atoms, and releastng 
a loc of ^»re cnergy. (‘Spare’ mearu a thousand times more exurgy tban 
comes from che splitting of atoms in thc fission-bomb.) It nee^ feur 
hydrogen nuclei to nuke one of heliatn. Tritium is triple hydrogen 
which meani that only one more atom has to be fiash-wdded to 
helium, and the resuldng explosion. But lots of wastc tritium goes up 
into du sttamsphere and drculates round the eaith. Because, lilu 
ordinary hydrogen, it combina with ox)^en to make watcr-vapour 
(H« 0 ) and thus form into rain. the tritium comes back readily to mrth. 

hl the blizzard snows of the Arctic and Antarcbc, du geyser springs 
of Colotado, the raitu of Chicago, du Thames water of London, the 
dstcms of Switzerland and du sources of du Nile, this radioaclive 
hydrogen has beea foiind. The traces are minutc and bannless, bue 
measuraUe and £a grcater than can be explained by oatural tritium 
which is created by cosmic lays from oueer space coUidii^ with the 
elements tn du air. The tnercased trinam is man-made, released by the 
hydrogen bomb explostom in the Pacific and Soriet Asta, and it bas 
been used by the sciendses to gain knowledge about the world's weather 
and about the movetnents of air and ocean currents. 

Duy have been able to track thc movement of ocean water over the 
American contineat. The rain douds fernud by the evaporation of the 
Paicific are predpitated by thc mountains. About a diird of the water 
in the Upper Mississippi Valley conus feom the ocean rain. The other 
rwo-thirds are &om watec evaporated ficom the land surfitce. This was 
sbown by tritium evidenee. PoUowing through the piocess, tluy feund 
that the water returtud to the oceans as river-water or as moisture in 
the air-masses moving fiom du land to £dl as rain over the sea. Ihus 
water from the Pacific was caiefuUy chcckcd acroa the United States 
and into the Adandc. 

Another surprising discovery was made in the bot geysen of Colondo 
whidi were supposed to be Jets from primeval springs: duy wese feand 
to contain H-bomh tridom from du remote Pacific. 'This showed tfaat 
du geysers were, tn part at least, supplied by rain water seeping down 
into the springs, to be boiled up and gccted. 

It was also found potsible, with the aid of tridom, to measurc du age 
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of water, to teU, (bt cxample, whetber spnngs were regulatly n- 
plmiihed witfa nin, and at wbat intervak. This was imponant in dcKtt 
oondioons wfaere heartbreaks have happcaed when wells wluch bad 
secmed prominag have given otu after a few months or years. The 
ntpianarioo has bcen duc waicr was coming &om geological pockets. 
k was ‘fossO’ or ‘plntonic’ water wfakh was sealed offin che £bnnacioa 
of tbe caxth’s cnst The soorce, in that case. b no more than a water- 
boetle wfakh, ooce cannot be refilkd. 

a. tADIOACTlVB riANTS 

Wooderfol! But tfaere u another side to tbe story. What b true of 
trkium b true abo of more daagerous radioacnve by-produccs of tbe 
H-bomb explosion - tadio^topes sucfa as cadio-strondum and radio* 
cesium vduch ase baimfiil and even lethal to life, and which are carried 
by tbe same or dimadc movemcnts. 

The rbles ofanotbcr bomb-made bocope-ndkxatbon-were at first 
minimised by tfae e xp cr ts because b b wbat b called a farto-enutter. Ihat 
me»rn diAC b gccts dectroos &em its nudeus atsd chose electrons are 
not pardculaily dai^esous to human beings. 

It has been meaDoned in thb book ^ 41} how radio-carboo can 
be used to hdp os date more accurately arcbaeological finds, and »o 
estabUsh dse dates ofpre*fabtory. Thb b possible because radio-catboa 
exists in nature and, like ocdinary carb«i. cotnbines in all o^anic lifé. 
It has what tbe scicndsts call a ‘half*lbé’ of j ,000 years. That means that 
haif the ociginal atoms wiQ have split and decayed in thac o'im«, and half 
of tfae remainder wiQ decay in the following 5,000 ycats, and so 00. 
Ftom the various propocdons die pcriods of time can duu be measuced 
up to 30,000 yean. But nun-made radio*carbon abo cotnbines m the 
dxmbtry of all favii^ diings. Neutrons, acomk particles firom tbe 
H-bomb, «*«»*«^ the nifw < g fn in the atmosphere to change into tadio* 
carbon. Thb will combiiK in tbe algae of die sea and tbe plana of the 
land and will enter into tbe food-cycle, on wfakh li£; depends. It may 
not be vbibly harmful to human beings or to the hittet organisms 
but sciendbc conccra has been expressed, racber belatedly, as to bs 
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e&cR on tLe more sensitive ouao-o^inistDs and jvlanf« Even 
bfM-euxisstODs might radicaUy dhange or kiS tbe benevolent organisms 
whicb Are part of ibc food-cycle of animal« utd men. 

3. BADIOACTIVB PBOBLB 

Sdentists, course, know a lot aboot thc physical chaus-reaction 
which causes tbc explosion in che A«botnb and acts as the deto tac^ > r in 
tbe H'^mb, but very little indced is known about tbe biological cbain- 
reactson wfakh ndioacdvicy nsay produce. k is known that tadii> 
stcondum, which never existed in nature, is present today in tbc bones of 
Atom Age chddrea probably everywhere in the world. Radio-stroottom 
imiutes caldum and entets into tbe bone-building process. k escapes 
firom the H-bomb asagas, to become partides of ladio-strondum, and 
is stored in tbe sexatosphere, moving witb the cllmatic currents and 
Corning back in rain. It has a balf-lifé of nearly cweniy>five yeart. Among 
milk-drinking populations tbe strontium passes through the eow. It 
gets ori^aUy into the soil and then into tbe plants whicb the cow eats 
but it is in part retained by the cow so dut the quanndes passed on in 
milk are teduced. This is not true among populadons which get theit 
food direct from the soU, like the rice-eaten of tbe Orient, and tbe 
United Nadoiu mvesdgators found dut tbe amotmt of radio-strondum 
absorbed into the bones of oriental chitdren was six as Mgb as thc 

proportions tn occidental children. The dtnical cooscquences are debat- 
able: it is not known bow many cases of leukaemia or bone-castcer may 
be attribucable now and in tbe future to this intake of tadto-steondum - 
but everyone is agreed thar any tadiadon bcyood tbat whicb akeady 
exists in suture can be hatmful, shoctening lifi; even wbeo it does not 
produce deadly discases. 

4. BADIOACTIVB CHICCBHS-HOMB-TO-BOOST 

Since id July 1945, when tbe first aeomic bomb was exploded at 
Alarttogotdo in New Mexico, eotuely new &cton have been introduced 
by Man into his environment > &ctors capabte of afTcedog the balance 
of suture, in ways sdll impeifectly understood. 
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In tiiu hook luve beeo lookicg at the aduevetnenes and mutalus 
of tbe From aow od wc will be gramtning the posnUe achkve- 

Eoents and of (be modem*. And we baie to remember dut we 

are no longer d^aling with »"mH localitit!* Uke tbe Und between tbe 
Euphntes and tbe T^ris, but with a whole pUnet rooad whicb a piece 
of man-made hardware can drck once aa hour. Oor mistakes, like our 
achtevementi, can be wric Urge oa a wodd-scale. 

Tbe canKta^eye of an artificial satdbtc Kanning dw globe, rotatu^ 
once a day witbin io ocbit, can see no ‘curtains* or frontten. There arc 
no frontiers m the tetnu we are now ditnming. Wben atomic experts 
are not ture of the haiatds involred, they puab cbe hazards at £u away 
at tfaey potåbly caiL New Mexico or Nevada, wboK deserts were big 
enou^ for die atom bomb were not big enough fix dbe H-bomb. So 
American tests bad to be earried oot in dUtant iiUads in tbe Pacific. So, 
too, mth die Britisb: diey pusbed tbe hazards away to Cbristnus IsUnd 
in the Soudi Pacific. $0 too with tbe Rossuns; they cartied out thrir tests 
sn rcmore parts beyond tbe Urals. So too with tbe French in tbe Sabaca. 
Tbe frll-out of radkuctive tewage whid) was supposed to be safely dis> 
poted in soine remote pUce was fiiund to be 'baoding’ in cbe jet strcams 
circnUcing round the northem bemispbere and to be coming down, 
hWi» tadioacdve en ming home to toost, on the very couneries 

wbo had initiased ic - and abo on nei^ibours wbo had bad no part in it. 


5 . SAOIOaCTITl BUltAL-OROCHDS 

Tbis does not apply only to fitO-out. Ic applks to radioactivc waste, 
both from miliary atom-fretories and from the reaccotvstations, en- 
gaged on peacefiil uses. In the fission proeess, in whkh ærgy is released 
by the splitting of atoms (but not in the frtstoc proeess in whkh cbe 
H-eneigy for industiial uaes will be released by die building up of amms), 
there is bound to be ndioaaive waste. Some of that waste is reladvely 
harmless, hut some of tt b disdnedy dangeroui. There arc long-lived 
ladioactive by-prodocts whkh remain dangerous for yeats, dccades, 
eenturies and evea millennia. (Plueonium has a half 4 ife of 24.000 yean.) 
Tbeb disposal b a major puhhe-healdi pfobkm. 


A FAUSB POS THOVGHT 


221 


Odien are sbon>lived and virtuaUy harmtcss. Even they have to be 
trcated wich such scnipuJousnest that at Harwell. for inoafwi: - , the 
eiEucnt which u discharged into thc Thames hai a lower radtoacdvicy 
than the natural waten of the river itself. 

Other«. again relacivdy harmien. are regarded as fic to be discha^ed 
into the sea. At Windscale, tbe atom fictory m Curobetlaod, the pip^ 
lines for this second type of efflueoc run two and a balf miles out into 
the Irish Sea, where wastes caa be dispersed and diluted by tbe currents. 
Nevcrtbeless. contbual studies have to be made of tbe organic li& in 
the Irish Sea before tbe Ministries ofHeal th and Fisheries can be rcassored. 
Here very few sigm of radioactive ‘pick*up* have bcen found exccpt in 
tbe case of seaweed, which is slighdy more radioactive than normal. 

There are even more dangerous products which are a costly hgatkchg 
Not only are tbey radioactive, but tbe radioacdvity generates heat and 
thccefore any atomic ‘coffins’ have to concain and withnand this heat 
and they have to be incerred in ‘burial grounds’ (the official term) where 
they can remain undisturbed for an »ndgfinltg period of dme. In fourteen 
years, the United States aceumukted 65,000,000 gallons of radioactive 
elements, stored in more than lOO indcstructible Steel tanks. Those cost 
more dun ^58.000,000. By A.D.2000theamoimtofwasterrompeacefol 
lises wilt be so g;reai as to tequiie, on the present system, over 1,000 
acres per yeac of 'burial grounds', even tf they ose tbe most compact 
metbods of dtsposal, such as foring the fission products in ^ass. 

As the chairman of tbe ‘haards session’ at the second Geneva con> 
forence on the Peaceful Uses of Atomic Energy said: * 11 se tombs of 
radioactive waste ace bccoming as elabonte and as expeiuive as those 
of tbe mummies of the Pharaobs.’ 

6. BIOLOCICAL CBAIN-KBACTION 

There seem to be few ways of avoiding this burial system. It is true 
that mueh of the radioactive waste, tn terms of its separate densents, is 
valuable as radio-isotopes for research in industry, rnedidne, agriculture, 
etc., and in medical creatment. Tbat may be some consolation to tbe 
cconomists but scarcely to die bealtb-hazards expcits, because it means 
that instead of being safely buried, tbe radioacdvity will be distributed 
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in small unio all rouod thc world and mdeas che dementi are håndled by 
Rspoosibte expots onder intemational sa&guards, tbe risks roay be 
increascd ratber dun reduced. Under wise intenucional controb this 
last anxicty might be removed. 


An alternative vduch has been heavily canvassed is to dump thc 
mateiials, embedded in c o n c r ete or in dutabk containers, into ‘trenches’ 
in the oceans. In tbe drowned landscape beneath the leas ebere are greac 
vaQeys by comporison with whkh the Grand Canyon of Colorado. a 
mile deep and two hundred miles long, ii not so very grand. Nineteen 
ocean ‘tteaches' are over fbur and a half miles deep and some are 
tfiousands of miles loag. Tbese to be likdy plaees. It was assomed 

that they were trooghs of stagnant water. There, so the argument went, 
tlu dangexous elesnents in their c o na e te or metal co£ns would Ik un- 
disturbed nnål their tadioaedvity was spent. 

I remember the eonstematioQ wfaich was caused at the hrst Geoeva 
coofigence wben this suggestion was chaPoiged. An American oceano- 
gtapber asked ooe of the e x p erts where tn the Atlantic this might be 
done and, oa besog told, indigluady poiated out that throc^ that 
paftifiikf canyon ran an undersea river with a fierce, &sc currene which 
might batter tbe containers and release du aedvity. The Russians on dut 
oecasioB also ectered a caveat aboot the ghb assompooo that the inter- 
chai^ betweea the bottom waten of soeh *treBchet' and the soi&ce 
was a slow one slow eoo«^ to give the assurance that no m anrr how 
kiog-lived. the eltmems woold not be btought back in dangerous form 
to du surfåce. 


bl the three years between the two United Nations’ cooférences (1955 
and 1958) du Russian ship Vtiyéz carried oot oceanografi surveys of 
twelve o£ the nineteen ‘trenches'. A detailed account was given to the 
Kcond con&rence of the in the Tonga Trench which eztesids 

southwards for nearly 700 mites from the SamM Island to the Kermadec 
Islands. The expedidon fbund dut, by comparuon with the findinp of 
thc Danish CattOea expedidon in 1952, the deep water temperature had 
lisen. It was fotmd that evm at the greatest depth, a change of water 
takes place in as btief a period as 6ve yean. The dutribudon of oxygen 
and pbosphates and du presence ofliving orgamssns consuming oxygen 
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At evexy depth showed thac die watei was acthrdy mudng, horåootally 
and veiticaUy. That meant due the daogerous nuterials with long-lived 
ladioacetvity would be liaUe to breaJc loose and escape apwaids into die 
upper Uyen of watef. There the marioc Ufe would become radio- 
acdvely tniéctcd and ferm a biotogkal chain-reacdon which would end 
up in die food of human beings. 

This wamii^ was reinferced at the conférence by Dr B. H. Ketchum. 
of the Woods Hole Oceanographic Institution. He showed that there 
was a kind of biological devator in the sea which would bring radio- 
active nuterial from the decps to ebe sutfece. Sea plants and organisms 
coocentrate fission products, assimilating them from the watet, in which 
they nuy be in dilute proportions, and storiag them. Thus the plankton 
in the Bikini tese area of the Padfrc had 470 times more radioacdvity 
tkan the water itselfi living organisms could pick up, concencraee and 
transfer the radioactivity from die contaminated layers of the ocean to 
the uoconeamiiuted. Dead organisms would »ink towards die hottom 
and the fission products, bound up in their skeletons, would incrryse 
the radioactivity in the depths. Thus there would be an upward and 
downward biological movement ^ radioactivity apart from the 
physical mixing of the upper and lower waters. This dra^cally changed 
the ptcture which assumed that the transfer between the deeps and the 
surfåce would take more dian 300 years. 

7. RADIATION KNOWS NO PRONTIBRS 

Ihcn, quite apart from the bombs, there arc the airbome risks. Those 
were demonstrated, fertunately withoot serious harm. by the ‘bum- 
out’ of the Bridsh reaaor at the Windscale ^utonium fåetory. In 1957 
one of the rcactors. which had been operating since 1930, 'misbduved'. 
The teactor was aic-cooled. The air from the atmosphere was drawn 
through filters to lemove impurities which mighe bccocnc radioactive, 
and was then blown through the reactor core. The mchaust air was 
passed through a bank of filten mounted at the top of a stack 410 fret 
high. These filters trapped the larget patticles from the damaged reactor 
but fingr parades and gases escaped.' 
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TIm measures aken as a resule of the accident are now tbe textbook 
leswa fer public healch authorides evccywbere. They included tnaklng 
an exact record of tbe mctcorological condittoos and of the ftndings of 
cbe ‘fiyxng squads' of radiation experts who toured tbe am examining 
tbe betbage, tbe soil, dve water and milk. Tbe miOc revcalcd the presence 
of radioacdve iodine and the nipplies from farms over an area of 200 
tquare miles were banned. Vegctables, cggi, meat and drinking water 
were monitored but oo coDtaminadon was found whtcfa could coiw 
suture a hazard. Adults and children were dinically examined to di^ 
cover if cadio-iodiDC bad been ingested and had found ia way to the 
tbytoid giand. No results were found to cause dismay. The sutvey was 
extended to soutbem Soodaiid, Yorbhire, Lancasbire, Westmorland 
and North Wales, and samples of milk were coUected from discricts 
huodreds of miles away. Traces were found in harmlcss proportions 
bur they showed how widespread the posstblc eflécts could be. 

This expcrieiKc. bowever harmless tn the circiunstanccs. undealincd 
the demand by tbe Ncchezlands Royal Academy of Sciences fer incer> 
national measures to concrol tbe radiation risks. Tbe spokesman of tbe 
Academy, Professor J. H. de Boer, emplusUed the demonstrable uuth 
that radiation knows no ftonticn. The bazards arc pardcularly aerious in 
areas of dense population and induscrial acdvity, sucb as Western Europe. 
He pointed out tbat tbe titing of reactors might be a risk to tKighbourlng 
countries and tbere must be international agrecment about cheir location. 
He cited 'stationary sources of danger’ > all types of reactors, feel re- 
processing phnti, stores of radioactrve wastes and industties increasingly 
ufing radio-isotopa. He also dted ‘mobile sources' - atom>driven ships 
and possibly atoit>>propd!cd aircraft and tbe transpore of radioactive 
materiab by sea, air and land. Tbe radioacdve materia] might cross 
territorial fronden in the atmospbere, tbe waten of the oceans, rivers, 
canab, etc., and by actual transport. 

AU this empbasises the faet that our Atom Age civilisation is global in 
its risks as weU as in its opportimides and that, in bearing in mind tbe 
lessons of the post, wc must be aware of our limiced knowlcdgc in tbe 
present, and take care that we are not, in ignorance, prgudidng tbe 
fdture. We may be appalled by tbe inroads of the deserts resultmg &om 
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post mucakes but tkey arc minor compored wich Man's new capadocs 
to change bis environmeot for til as wcQ as for good. 

8. PBANUT POLITICS 

lo che years immediatdy after the Sccond World War Btitain was 
desperately shorc of fats, as well as tbe bread to go with them. Eraest 
Bevin was the Foreiga Secrecary and be dared to tura this domesåe 
sbortage, this kitcheiHpoIicics, into foreign affain. He went and ( Wd 
an audience of housewives in Lancashire, where Gsh-tnd-chip shops are 
as oommonplace as hamburger and hotdog stands are in the United 
States. Thece che ‘Frying Tonigbt' signs had long heen the oonsdation 
of any family trying to eke out its rations with fisb and dups wrapped 
CO ralr* hotne. Bevin told thcin: 

‘Yoa complain hecausc you can't gct fish-suppets in Lancashire. 
Why can't you get ftsh-suppen? Yooe Lancashire trawlers ate bdng- 
ing the fish and tbere's plency ofpotatoes. But die fish-fryeis can’t &y. 
And why can't they &y? Because diere's trouble in indonesia: because 
there’s a lot of bother in Burma; and because we haven’t got chix^ 
straightened out with Siatn. And, because of all chat, India can't get 
rice from these counciies. And because India has to grow food for its 
own people we can't get grouiid-nucs firom India. And because we 
can't get ground-nuts Irom India the Lancashire fish-£ryer$ can’t gct 
the oil and you can't get your fish and chips.' 

Peanut politics, thus graphically accepted by the Foreign Secrecary, 
were to pUy a very big part in Bricisb af&iis and figure largely on che 
map of Afoica. 

In giving his piccure of world interdepoidcncc on gtound-nues, che 
Foreign Secretary might have gone even fuithet back. Tbe ground-nue 
had a hnmble history. It started olf hke so many other staple foodstufi, 
in South America. It was taken firom diere to che Easc and to the West, 
to Afnca and to India, by PortugucK explorers. The tlavo^ps firom 
West Aficica took die peanut back to the United States where U became 
a popular crop, and a nmp le deUcacy, among the slaves in Carolina. 
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Diuing tbe Cml War. tkc soldim of tbe Northern armies acquiied a 
oste for salted peanuts and took gri>tmd>outs back to the North, where 
tbcy became, cvcntually. the tcaple food of tbe ball-gatne crowds. 

'fhe b»maii body cannot ftmcdon without fata and edible oils. The 
Ptlrimn« , without plints. have no dicect access to carbohydrates but they 
survive very well (when they can get tbem) on meat-ptotein and fats. 
The explocet Ste&nssoa tried an Årede experiment of li ving on nothing 
but meat Tlus wu aU ri^t as long as it induded the fal, but when he 
ate nothing but the lean he became violently iU. 

In the lam, after-wai yean, the British - 50^000.000 people on an 
■siand, dependisig for half tb^ir food on fbrdgn countties ~ were be- 
fftf pjpg ifvripi ept Stefånssons. His early symptoms had induded irrita- 
bility. and the Btidsh people, redueed to one*chitd of the normal conf 
sutnption of ods and fus, were becoming personally and polidcally 
resdve. Where were tbe £)ts to come from? 

An execudve of tbe United Africa Company was pondcring this 
problem as he flew over Tangasxyika en route for Dar-es-Salaam. As bc 
looked down he saw what he t^ught was tbe answer - great cmpcy 
stretches ofdesetted scrubland witb red soil. Only 6,500.000 acres, 3 per 
<ytir of tbe territory, were under culdvadon. In hu brief stop-over at 
Dar-es-Salaam bis ‘instinet’ was confirmed by tbose who knew the 
country. He letumed to London with a scheme which was too big even 
for Unilever, the parent company of ‘United A&ica’, to handle. He 
put the suggestion up to a harassed Minister of Food. who immediately 
sent out a ^cennan mission on a quidt (too qukk) re c on n ai ss a n c e of 
the territory. They hacked thdr way through the buih into the serub, 
the red toil, fbund U pcanut-wocthy; took the advice of the 
scttkrs, glanoed at the rainfdl durts; and put forward a scheme for 
transforming 3,000,000 acres of Tanganyika into margarine for the 
British housewife. 

Remember this was 1946. We had just come out of a war m which to 
tbe epg jncw nothing was too big nor imposstUe. *Pluto', the oil pip> 
line, had been stnmg acroø the Channd for the Normandy landings. 
‘Mulbctiy' and 'Gooseberry', tbe portable quays, had created ports on 
open beaches, and nudung« by the hundreds of duntsands had poured 
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mco Burope. The po«&-wai food emetgency bad tfae urgency of batde. 
What migbt have been called ‘Opendon Insb>aod-chips’ was Uuncbed. 
Ic was ewmaced to cose ^3,000,000 aud the expenae wai authotised 
by ParliamenL The rett u acrioionious history. By the cricics of d>e 
Govemmeuc of (hat day the Ground-nut Scheme caa be writtea offas a 
cotcly &Uuie. I do not agroc. I think tbat all the milliocu dut went into 
it wcre a uaeful tf unintended coathbution to mutual aid and U.N. 
Technial Assiftaace - as a waming of the things you cannot do to 
nature and get away with. (Inddentaily, a substantial patt of the tchenie 
was uldnutely talvaged and worked well.) 

9 . BUL10021N0 MATURE 

Basically, the crouble was diat the Ground-nut Scheme bad been 
r^arded as a job for engineers - a military operation ins{nred by the un- 
p rod uftive and descnicdve eftbrts of war and direcied in the actual 
onslaugbt by military minds. Nothing like eoougb held work was done 
by people who knew the wilfulncss of nature. Even the tocal meteoro* 
had not been studied su£ciendy; not the avaikbility of gcoond 
water; nor was the tuture of the »oils suÆdendy understood. Of couise. 
soil surveys were and the samples, wbich wcte taken in the dry 
showed dut diis was 'good' »oil: it had die right conststeiury and 
characteristics. But as events proved, U also had the fickleness of tropical 
toils. Game the rains and the »oil caked becau»e of its clay-content. Catne 
the e<]ua(orial tun »nd the soil dried out »o hard dut the crops were 
imprisoned in it. No one had realised the abrasive qualiry of the soil, 
wl^h ruined ploughsbares and wrecked implements. 

Uied tracton, salo>citsted 00 the beaches of the Philippines, and cotw 
verted Sherman rankt from recent battlefieldt were sent in to bash down 
the forestå and tear up the scnib. The engineers. who had made airfields 
anywhere, any time, durtng the war, bad foreieen no diÆculties in buU- 
dozing nature. They did not know the African senib! Is was not just a 
of hoeing weeds on a large »cale. The roots could not be pulled i^; 
diey had to be cut in advanoe and the »oi], in conijåiacy with the serub, 
blunted the shears. And when they did get the roots up they had looseoed 
die soil whidi the roots had held together. B^d die relentlcai 
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macluiKty came modcmg cloudt ofdust- tfae loil wbich wts supposed 
to gtow ground-outt - atui gu]]ey*<ro«ton in dic tracks of tbe tractois. 

Tliere was a reatonable excuse for cvcrything tlut went wrong; on 
a sRuU scale Jt wouU Iutc been a nutter £bc adjustmcot; oo a large scale 
k was a chionic oiiia. 

ta JBIPS AND JU'JU 

Tben there were the peoplc. The stafF wece responsible ejcperts, but 
(bcy wexe expcrts in thåt own field. They were tbe voltuiteen of a 
dvilian expeditioiury force. At one tune the labour force totalled a/MO 
ntm and women from Britain and 30,000 Afocans. In tbe main, the 
tribsl Africaiu were bcing brougbt into the White Man*s mechanical 
World for the fint time. It was reladvcly easy to train dsem to handle 
machiiKS; indeed, in dse end, tbe Africans, more ^tniliar witb the terrain 
and the pecubarioes of the tcrub, bcame better at handling the raacfaines 
than the White dhvets. Maintenance, however, was another matter, 
akhough again the African« eventually proved themselves extremcly 
fiux thit au AfHcan’s eacs were dragged dowit 
to hå thoulders by heavy tings in tbe lobes did not make him any Icss 
capable at a kthe.) There were labour troubles ofa very diflctent Idnd 
firom tbose wbich contractors imuUy encounter, because tbe local tribes 
bad tbeii ju-jo and theit supendtioas. 

One your^{ district engineer was con&onted by a sic-^wn strike 
when a baobab tree was Jarred. This is an enormous tree of the 
Afncan savannah land, somednus ewenty feet in diameter. The fat 
trunkt of tbe baobabs are aowncd by branches that look like roots; 
indeed, the local loce ti that once the goda were angry wids the baobab 
irees and buried tbcm head downwards. I^om bitter expcricnice, after 
trying to upeoot these trees, the tcrub clcaten Icamcd to go round them. 
But one day a bulldozer coUided witfa one of them and}erked a skuil out 
of its tiunk. This was an ill omen and the African tquads quitted work; 
tbe spiric of an ancestor bad been disturbed. 

Tbe young engineer acted quickly. He called acouncU of the elden. Tt 
is true.’ he said, ‘dut wc have disturbed the skull of the Unknown One. 
But let us gain from this misfortunc. Let the skull of the Unknown One 
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be pUced on my right hånd in coundl and let it whisper wiidom in my 
ears.' And it was so. The skull took part tn the coundl and its advice to 
the engincer was that the tribesmen thould go back to work. Hceding 
theii ancestor, chey did so. 

II. THB LBSSON OF TH8 BOIS 

Misgivtngs were quite early abouc monoculture -> dcpcndcncy oo 
ground-nues as the only ccop. So someone had die bright and right idea 
of iatroducing anocher oil-<rop - sundowers. Those would have the 
advantage of allowing the soil to recover from the ground-nues, of 
letdng the insects and micro-organums get to work, breaking up and 
helping to the soil. But sunflowets have to bc poUinated by bees. 

There had been plenty of bees in the wdd wildemess. They had been the 
plague of the sccuh^learers who bad fbund themselves besug vidously 
attacked by the swarms whose hives they had destroyed. But they luJ 
been destroyed in the thoroughness of the serub dearance. The resuk 
was a ^ntastte episode in whieh bee experts were rushed out from 
Britain to see what could be done to restore the bee population. In the 
end. Brittsh and Italian bees were exported to Tanganyika to be the 
maidservants oftbesundowert! 

Not all the area was tsetse-ridden, but mueh of tbe wide expanses of 
empey which the exccuåve had seen from the plane was empty 
because it was held in def by tbe oetse fly. (That fly has kept 4.000,000 
square miles of Africa as a wildemess, bccause nctdier man not beasc 
can live with it.) Here was a challenge and, as the land was sprayed and 
cleared of serub and forest, the tseties, which casmot survtve away from 
leafshadows, graduaUy disappeared. Soil over whkb the tsecte hadstood 
sentry was open to exploitadon. Mueh of it, once it was deprived of its 
fbresc cover, died. 

Naturalisct were belatedly calicd in and they confronted tbe organisets 
of this 3,000,000 acre schemc with a disquiedng report. They were 
in as docton to a sick land and ebesr diagnoais drastically ckanged 
the scopc and character of the scheme. 

Time and time again crops had witbered from droughe while heavy 
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r amt weK tåDtfig ooly I dozoi twiy. (Om of cfae main arcas bad 

beeaplaeedon^wrongiule ofa range ofhiEs wliichpredpttated the 
nin.) Tbete weie local ^urcs too, wbkh anyone approodung nature 
widi tbe cauåoa the dge r re a could have foresegn and avoidod. 

By ip54 tbe original 3,000,000 acres had been msely testricted to 
300,000 acres dse vase mechanued sefaesne bad been tempered to a 
system of husba&dry mme casily rccoocded wids tbe oatoie of tbe sot] 
and tbe people ofTanganyika. 

‘Basb OD regardlets*, tbe injunetion of aay tbtustfiil combat com- 
mander, bad not srotked. Today, by co-operaåoa widi the people and 
witb Dsittire; by a oonbinatioa of rocanon ct^^ttng and cooserranon 
grazing; by the tntroductioa of Communications, water supplies and 
sebools and boept&b, Tanganyika bas bene£ted su bs ta n aaUy &om 'The 
Ground^ut Sdteme'. Bot it is aever referred to nowadays as socb by 
tboK wbo are dte hests to *Tbe Oear Departed*. 

la. EIBPIKC THI BALAHCB 

The Ground-out Sdieme was a salutary lessoo to tbose wbo tblnk too 
big, wbo want to take sboct cuis and wbo do not proceed by pilot 
whicb ‘fwl tbeir way* and ‘persaade* nat ur e. Tbe lesson has 
been weO leanted in ooe place in my es^erience. 

Wben tbe GoTemment dedded to dear a,000 square miles 
of jun^e ebey called in bst tbe World Health Organisation to rid 
k of malaria whicb had made it jungle and tb en the Food and 
Agriculcure Orgaziisacioa to clear it. The sent issto Korth India 
one of tbe eng^oeeis horn tbe Tanganyika Ground-nut Sebeme. Therc 
be bad done a remarkable in hauling down tropical forests by 
faamessing great cbain« to beavy tneton. Two ttacton woold 
more ebro^fa thejut^le K»»1mg bet w e en tbem the loop of cbain and 
justdragging downcbetrecs. Hebadathisdispo$aJ,inIndia,bu]ldozen, 
tree-dozers and bosh-basbets • elephandne machines whicb tbe jun^ 
etmid not reakt. At bk side, bowever, was ooe of the world's most 
»Ttum»nf ecologkts, wfao bad written in die 1930’$ one of the earbest 
watnings about erosion and wbat bappens when the balance of nature k 
upset. It was hk job to see thac tbe misokes of tbe A&kan s c h e me were 
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Dot repested and it wu be wbo resUced, in a country cUæoitring fbc 
food, the insisteQce that che whole arca thould be deared. Instead, more 
than half the area wat left as fore» reserve, into whkh the wild beasts 
of the region could recreac and whicfa would act as the fbtcsc cover to 
break the monsoon rains and absocb them, hke a sponge, to that the 
underground springs would be replenished and the dangers of erosioa 
and the deslccatioa of the soil prevented. 

13. WALKING OK WATBS 

hl January 1958 the Erst oil to flow through the ixa-mile pipeline 
began to pour into die storage tanks at the desett railheadofTouggourt. 
Tbis was the oil from the Hasn Messaoud oilfield. The report of this 
in The Times added, ’Frcnch air-force bclicopters, parachute 
troops and camel corps men are patiolhng the pipelines to prevent any 
attacks by insurgeno.* 

For tnc this report had a special and pecsonal intcrest. Eight years 
belbre, in a survey of the deserts for Unesco, I had caught up in die 
Sahara widi an Oklahoma oil ptospector. For over cwo yeaa he had 
uavcUing in the desett, in parts where no osie bdieved tbere could 
possibly be oil. Whcn people asked him where he expccted to find otI 
in due fiirbiddtng region he used to wink at me. You see, his job was to 
find cul, not to talk abouiit! I doubt tfanyone hemetin the Sahara at 
diat time evet believed tbat he was doing anything but wasting his dme. 

In chose days (as recendy as 1950) die Sahara was still to the French 
what die rolling main was to the British. One had great rollers of sand 
and che odier great waves of wacer, but both were romantic in the 
traditions of cheir nations, is said dut Wintton Churdiill never had 
any misgivtngs abouc the outeome of the desett war because to him the 
strategy and tactics were just fighting NclsonU sea batdes all over again.) 
For ebe French che desett was the Foreign Legion; die White Fachen, 
che hetoic desert ptiests; the wandering Bedouins; and the veiled 
Touaregs. And an arca nearly as big as the United States under French 
dominion buUccd large on the coloured mips of the wortd. 

There were ardent souls wbo, if they were not suspected of the ut/arj 
(Saharan madness), were disregardedasdreaenen. They believed dut in 
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the Sahara Aere werc not only mineral potenriila but powbilides of 
agticultural development. At chat time I ttw the hopeful attempa at 
what wa$ c alM 'deiert colonisadon. French agtonomists and irrigation 
engineen wac wceetsfuUy recovering qixite la^c areai of desert traet*. 
ixkcluding the Wadi Guir, whkh once had been Ae great fonst where 
Hannibal may ha« got his elephano (lee p. I 73)-1 »w, too. some of the 
potential and actual mistakes - Uke a gteat dam m the Atlas Mountaim, 
a tnagnificent engineering achiewment. which was gradually filling 
wiA rilt beouM no e^rt had then been made to revegeate the catch> 
ment area, &om Ae uncowred slopes of which the soil was bemg 
icouicd off into Ae reservoir. 

Theie were a few queet peoplc in the Sahara then, Kientists, men and 
women, who really belie«d that it could bc traniformed, Thcre was 
the Frenchman who alarmed me by saying to me as we trudged shin- 
j ftp Arough Ae bunung sands of Grand Erg. the Great Sand Sea: 
'Wc are walking oa water.’ I eyed him wiA some alarm - an obvious 
case of Ae cd/erdl Tben be explained. 

He that u Ae duoes and under the dunes therc was water. 

In Ae nighe Ae dew condesited on the dunet and enough of it soaked 
through Ae tand suffidendy qukkly and deeply to escape evaporation 
in Ae heat of Ae day. But his mam coniencion was chat under the 
Sahara was a great 'ftesh-waier sea’ fed by intake fironi the rains of Ae 
Atlas. This 'Albiennc Nappe’ bad long been regarded as a geological 
legend but in 1950 a tube well was sunk at a place caQed ZcUåna and a 
joo feet ‘pie20-pee»ure’ bad been obtained. This artesian loutee was 
cteating a man-made o«sb A the heart of the desert 

14. SARAKAN BlDOBADO 

Another occasion which made me suspea my own susceptibility to 
cafitd was One raoming when I was driving over the desert souA of 
Cobmb Bdchar. There before my eyes was a mirage of an Arab, 
swathed m veils and wiA his burnciu flying, eycling over Ae desert on 
a bieyde. To convince myseif that I was not inugifting dtingi I foUowed 
him and be led me to a eoal-mine m the Sahara. I would not ha« been 
surprised if I had been hetter informed, tince this ttune at Kenadsa had 
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been functioning with Bedouin Ubour for quice a wfaile and its coal had 
brought me tnto the deaert on thc radway line whidi runs from Algien 
to Colomb Bdchar, the miliury and administrative centre of the 
northem Sahara and now die centre of the fint desert 'indusctial com- 
plex'. The coa]->mine produces 300.000 tons a year. Just south of the 
town lie deposita of higb-grade iron ore, with do per cent iron content; 
i$o miles West are other and moR subitanrial iron ok fields. 

But the richest deposua of iron or lie at Gan-Djebilet eighcy miles 
south-east of TiodouC There the reserves am estimated at 5,000,000,000 
tons. In Mauretania the deposia so får fbund am estimated at 100,000,000 
tons. And in the Sahaean rocks have been fbund lead, copper, zinc. 



Tbe Adas Cotnpcouion ke-eukinf Msdråe (tl75) 


/■h mmium, manganese and tungsten. In the mountains of the Hoggar, 
the region of thc veåled Touaregt, uianium, the atom-fission fisel, has 
been found. 

The oiUtrikes, howevcr, aR wbat really exdted the French. Four 
firmi wcR granted coocesiions to prospect and exploR fbr oiL Two of 
them. the Compagnie des Pétroks de TAlgérie and the Comp^nie de 
Rechercfaes et d’Exploiudon des Pfcroles du Sahara, had the backtng of 
Royal Dutch Shell. The test of thc Capital was put up by French fin a nce 
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houscs ud du Government. The fint encouragtng ‘thowingt* were at 
Edjeie. near che Libyu border. As a scait, twdve wells were bored and 
oil was found at a depth of i,}$0 feet. Parther rwtth, oU also guthed at 
Has« Messaoud, 400 miles South of Algiers. Natural gas hissed at la 
Salah. Tbere is no reaton to think • ud tome winks I remember tn^ht 
confirm my suspicioos - that these are tbe only places where oil witl be 
found. 

A urlifi of passenger>planes carrytng technidans and of 

fiesghc'planes carrying nudunery foUowed diose discoveties. Geo* 
logisa ud prospecton by the thousud ståsted swatming all over the 
deaert. The Sahara begu to assume the significance of El Docado or 
Klondike- Froschmai queued up allnight waiting for the sale of Saharu 
bonds to open. Quite tuddenly. the whole picture of the empcy desert 
cfaanged from romance to purpOK. 

Ij. DBSIIT COlONtSATION 


If tbe Sahara were what oor u»dcquate clatsroom adases suggest it is, 
just u empty spaee, one tnight he as optinuttic as some of the ftosch 
expens. But, in theic enthusiaim to exploit the nacural resources, they 
tend to ignore completely the humu problems. Or, if they think of the 
hunun problems, it is in termsof WUte settlement. They will talk of 
'industrial oases', with L« Corbusicr tkysenpen on stiln towertng above 
the dast storms. They will invoke science and technology u cvidence 
that solar estergy coutd be hamessed to produce air-^oodidoning and 
refrigeradon. They certainly coold create a man-made environmeat, 
insulated from the Uiitering heat of the Sahara and producing the 
amenkies of Paris in the desert. Ali this is feasible, ud, indeed, oom* 
mendable as a basu for dviiised iiving for those who are developing the 
desert. 


It is not, however, the only type of humu problem in the desert. 
There are the wandering nibé who are almost endrely ignored m the 
desert blueptints. Numcrically they itiight ahnosi be disregaeded. Afier 
all, the expera say, there are abouc 1,500,000 tribesmen in this area 
almosc the tue of die United States. Tbat u not a rery happy com- 


parison, because tbas was ahout tbe number of Red Indians roaming the 
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pkins when tbe PaJefaccs discovered dut Tndian 1an<4 wu desinbk and 
chat the tribal territories covered rkb ores and rkber oQ. ‘nw story 
that stniggle is not a pleasant one. It could be cepeated in the Sahara. 

It is wishful thinking to say, as loiae of die experts do, that tbe new 
Mtiy of liié will by*pa$s the old and that there will be an aoquiescent 
co’^xistcnce between the industrialists and the noituds. This assumes 
that each wilJ give the otber a wide berdi - because cherc is plenty of 
space for both. But in fået there is a tradidonal conflia of interest. This 
was obvious even in die immediate post-war years wheo die Fcendi 
became exerdsed about the problems of North A&ica culnusudog in 
the independence of Tunisia and Morocco, and the bitter and expauive 
smiggle in Algeria. The concein was less with the desert proper dun 
witb the Europeamsed bdts of the north, but even at tbat time the 
human problems of the desert were b^inning to impinge. There was a 
tendency for individual nomads to break away from tbår tribes to drift 
into the ddes and ports and to bccome radier shifdess labourers. There 
was alto a tendency for the tribes to move north, with the consequent 
risk ofupsetting setded culdvacion. This led to a technically enlightened 
policy of‘desen colonisadon’. 

The able engtneers and agronomists of France began to create man- 
nude oases, to sink wells to depths whkb die nomads themselves bad 
nevet reached and to distribute die watei in conciete canals and conduits 
which teduced one of the risks of desert irrigadon, diesalinatiooofthe 
soil owing to the high evaporation ofspread-water and the aggregation 
of tbe salts in tbe soil as a result. There was also exddng large-scale 
experiment in wadi culdvatiotL Those wadis are tbe short4tved rivers 
which cotne down in spare and spread themselves and cheir silt over the 
desert, to soak in and evaporate quickly. The sile dries oot into a sort of 
crazy paving of sunbaked dies, which desiccace and are blown away as 
wind^arried soil. This dust is fertile. 

Those wadis are the cereal lands of tbe desert tribes. They may wander 
with their camels and herds, pasturing tbem on the scant v^etatkui, but, 
seasonalJy, they return co ebe wadis to plough and ro plant cheir desert 
barley immediately aftet the spates and return later to do the harvcsdng. 
Their metbods of culdvadon are ptimidve and their aops ue poor. 

It was obvious to the Prench agricultural experts that by modem 
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mediods tbrt f wadis could be much nvore excensivcly and incensivdy 
cultivattd and dut the scruSy badey codd be replaced by better barky 
and. iodeed, by wheat. tt meant mccbanuation - beavy traccon, light 
ttacton, diic-ploughs and machines capable of breakbg the bard top 
toiJ and cracking tub-ioil *o tbat dve spate-waten could sinJc deeper mto 
the ground and escape evaporation. It meant also agrkoltutal experi* 
mental stadoms tn each locaUcy to breed and sdect the bese types ol* 
planes which would give the bigfaest yidd in any partkular area. 

With proper management it could mean tecondary crops as well - 
cash-cropt, tuch as popjrø tor pharmaceutical exports and cotton for 
local wear. tt meant also a system of coUeedve cultivadon by whvch tbe 
tnbes would agree to pool dveir patrimonial lands and to accept a kind 
of ddve system: tf the land werc peepared (br thent by mechamsed 
fyi fAft ib, a traedon of the produce would be retained by the French 
Sodété; if the expcits also did the sowing, that would mean anotfaer 
Gaction; if the harvesdng were done for rKwn, chat would mean anoeher 
ftaedon: and ifthetbreslung were done by machines instead of winnow- 
in g, yet another fraedon. So if the endre job was done by the Sodéi^ 
(heir thare of the produce would be the equivalent of the ren ting of tbe 
tribal AU this was very intelligent and a sesvsible approach not 
ostly to desest redamadon but also to provtding an adequate geain 
supply ht tbedesert ttibes and, beyond thetr needs, a surplus for cxpoit. 

Yet it was evident tfaat dve nonuds were trueukndy suspicious even 
of t h « ^ well-meant intendons. This might seesn quiie usireasonable 
because the benefits would appear to be obvious, but as was explained 
to me by a wise Frenchman, the well'ineant intendons could only be 
misusvdentood. Why, the nomads would say, should the Frcnch be so 
generous? Tbere mutt be a catcb in it. The only catch was that the 
pf ifu-h were trying to prevent tbe drifi of the nomads by nuking their 
livelihood more secure in the desert. When I wrote about this at the 
time, describing quite objeedvely tbe intelligent technical measures 
which were being taken, I had indignant letten (rom North Alrkan 
Arabs protesting that this was a device *to keep tbe Bedouin in the 
desert'. The glib reply could have beeo diu there is only one problem 
more dif&cult than keeping the Bedouin in the desert and that u getdng 
the Bedouin out of tbe desert. Indeed, there was noching tneomisteot 
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between thc French ums uid the Bedouuu* desire. fiuc tbe 
acdoo and the patenulism of the French roined suspicioD 
resistance. 


id. ailah's land 

How reuch more. tlierefore, wiU the iadustrialuadon processes be 
misunderstood? Thit the Sabaran Bedoutn. like the Eddmos, will 
cventiially accept a technological dvilisation cannoc be gamtaid, but 
tfae thoft*cerm rcsutances to change will be aggravated if they are 
ignored. 

If as we have done in this book, we look back on tbe age>oId struggle 

between tfae nomad and the settier we might guess what will happen if 
that way of li& is altered by compulsion. There are the deepneooted 
resentments of traditio n , which in t^ desett have acqmied tbe saoetions 
of religion. There aie desen property rights which are impet&ctly 
understood. For instance, I have raiied with French experts the quesdoo 
of tribal lands, which in the vast expaose of the desat are apparentiy 
ooly vaguely demarcated, and was told that these lands would be 
respected *as får as possible'. They knew duc the lands of a ttibe wece 
separated by distance into the icasonal pastures and crop lands, but I 
wondaed whetha. even if they respeaed diese areas as ‘reservations’, 
it was realised that the nomadic ’cocridon' between these areas were 
aho regarded as tribal righes-o^way and that pipelins or irntalbrinn« 
vdiich straddlcd them would lead to serious complieadons. 

I had an insight into these difficuldo in the Sahara. We were ooasing 
a traa which was nettha rock nor gravel nor sand. bur reasonable 
savannah land. I asked tfae Prenchman who was with me why tbis 
poteatially useful tzact had not been dcveloped for pasture or cul dvadon. 
He replied; ’Becanse it is Allah’s Land.* This was the Moslem e^uivalent 
of‘God's Acre*, land gifted to Allah and hallowed as qx**« Varioui trihes 
had ceded this land to Allah and used it as common pasturc. Tbe Frencb- 
man explained that since there was no temporal authority in Islam, like 
the Ecdesiasrical Commissioners or the Vancan, which could act ai 
tfae legal mistees of tuch property, any attemps by the alien or the 
infidel to obtain property ri^ts would be a rehgious ouerage. 
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^ou Ut,* he said tue&Uy. *wc have not yet fbuod a Uwyer who can 
argue diiecdy witb AUah 1 * 

&t 1960, I recumed (o tbe Sahata to tee what tbc invooncDt of 
^(1500,000^000 could do in the way of dcsert recovery. By thac (ime, 
otl wdls had beeo drilkd at Hassi Mcssouad, and tbe hmits of ebe 
oU-field tdll had noc bcen rcacbed. A a4>inch pipeline was alieady 
carrying che oil 400 n>de« to Bougie on the Medicemnean coast 
Anotber pipeline was already piaaned, to that by 196} the shipped out* 
put of tbe field wodd be 14,500,000 tons. Yet this was only one of five 
known ott-fields. The tecood in impoctance and aceessibility was at 
Edjeleh, near tbe Libyan border. This would involve a pipeline through 
independcDt Tunisia. 

T^n there was Hatsi R'Mel. near Ghardaia, wbere the reserves of 
natura! gas were to enotmoui that there was talk, in 1960, of building 
a pipeline to the Mediterrancan. under the sea to Spain, and thioi^ 
Spaia 10 I^ce, Iiaty and West Gersnany and acroit tbe Channel to 
Great Britain. 

I tiaveUed 1,200 miles to the soutb-west to Fort Gouraud, on ebe 
Tropic of CaiKcr and tbe bordet of Mauretanta and the Spanish Rio I>e 
Oco. Here was a cwi>-htBidred>Riile 4 oag mountain range containing 
iroo. Sone af tbe moontains were almott solid ironHjcc of ncarly 70 
per cent tran content. While tbe buUdoizen were tearing toadwayt up 
tbe steep mountain>sides. cam^-traitu were jingling their way acrots 
the high plains, whkh were black from horaon to borizon with tbe 
soees of irocMce. While the engineers were installing tbe most modem 
mining and handling equipmeot, the b]ue*turbaned cribesmen were 
digging pta, as they had done for coundeai centuiiea, 10 cluael out tomb* 
stone slabs of salt which tbe canieb would carry from Timbuetoo and 
Chad. Two wayt of lifr separated by thousands of years were visible 
there, side by side. 

Tbe mining company, with Capital from Praoce, Britain, Italy and 
Gemiany, was granted tbe concestion by tbe ‘bbinic Republic of 
Mauretania', a membet of the Ftencb coaununity - a country as hig as 
France but with a population of doo,ooo. Tbe World Bank ‘put up a 
stake' of ^21,000,000. The project involved massive mechanisatioo to 
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bUst, cbote. scoop and load dune mountains on to traios capaUc of 
hauliog ao.000 toas a day across the desm. This railway had to maV# a 
detour round thc border of Spanish Rio De Oto, down an escarpment 
1,000 fect high and across the dune land to the coast 400 away. A 
new harbour was being buile at Port Eåenne. Tbere, and at Fort 
Gouraud, two townships ofatleast j.ooo people wete to be builc with 
air<onditioDed ho r aes. scbools, hosptaU, social centres, etc. One of the 
conditsons of the concessioa was ihat within ten yean the Mauretanians 
(in the Port Gourard district, two warrior tribes) were to be 
and trained to die pt^ at which diey would be capable of taking over 
the running of the mines themsdvo. To emphasise the contran b^een 
the rwo ways of lifii - between the salt-chiselling and the 
mining - wc calculated what it woold mean if instead of the tailway 
caincl>trains were used to shifit the iron-ore. It would have 
30 , 000,000 camelsl 

The od and die iron are only two tokens of cbe mineral potendalities 
ofa desert nearly as large as the United States. There are known deposits 
of coal, manganese, copper, phospbate, uraniiim and rate metals. 

But ooe of the most impressive devebpmeno is die exploitation of 
the Albienne Nappe, the deah wacer 'sea' under the Sahara. Wells, wich- 
out which the oil and mineral resources could not be ade<]uately 
developed, have been sunk. At Haså Messouad there are two swimming¬ 
pools, dtawn &om the Nappe, abundant water for the operadons, and 
over 50,000 tices were planted in 1960, to &x the dunes, provide wind- 
brakes and the greenery ior a town whkh will eventually hold 30,000 
people. Old oases were being extended by similar wells so dut they 
could be the market ^rdens of the new developments. The wells were 
yielding about 90,000,000 cubic metret of water a ycac. Tbat u just 
about cbe known ineake of the Nappe &om its outerop in the Atlas 
Mountains. There may be other annusJ sources of supply but the 
hydrologåts, for the time bdng, were inåsring dut the annual out-take 
thould be restricted to the known in-take - that. und] more was known 
about the capadey of die Nappe, they ihould not draw on ‘water- 
capital'. But there was anotber excidng discovery. In the Tanezrouft, 
in what looked Uke the most hopelets gravel desert, ic was found dut there 
wete at least 5<k000,000 aaes of fossil-soiL This goes badt »me 7,000 
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ycan >ad coaatnt«there in tlte hevt of what is now srid descit - tbe 
pottens of Imh Medieemneia T^ecadon. That soil is not dead; it is 
merdy sleeping. Witer oould bring it to li£: again and tbe water is 
tbere, uoderoeath, in tbe Albienne Nappe. One can imagine 'bot*bouse' 
prairies in tbe middle of the Sahara! 

17. Wlll WAIHBD 

As a fbotnote to tbese new derelopments in tbe Sahata it is weU to 
recal] ihe cxperieaee of Cabfornia. A bundred years ago tbe Gold Rusb 
took people into tbe Central Valley of Califomia. This was a relatively 
artd tegioD. The Etat itrigadon was by means of stream diversions. Then 
sur&ce weOs were dug to supply watct for domcstk and stock-watering 
oses, and tubsequendy for crops. Then artesian sources were discovered. 
Sucb weUi began to give out as intensive euldvatioo inereased. So 
mecbanical pumps were applied to suck up tbe lower ground-water. 
The prosperity of tbe region abouaded and tbe snatch-and-grab for 
water went on uotil tbe water^ble had fåUen to low that tbe pumps 
were suckbig up tbe brine of San Fraocisco Bay. The day was to come 
wben tbe bydrological situatioo of diis i^on was to be regarded as a 
‘national easetgcacy’. 

Thote are three exunples of dte problems wdiicb. despite all our 
tcienoe and techn^ogy bas to ofiét, are writ large in wamings: 

i. Nodear risb can aSéet tbe balance of nature oo a global tcale. 

iL Over-ambitioas tebemes can upset tbe balance of nature on a 
regional tcale as in Tai^anyika. 

iil Tbe quest for mineral cesources, at in tbe Sahara, it replete witb 
difficulties of buman ecology. 

We can reproaeb tbe andents widi tbe tniiraket which they made 
largdyomofignoraiKe. bot it will be uafbegivabte if we cxaggerate 
tbose mistakes, knowing (as we do) tbe rbing i we do not know. 
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Flood‘tide 

Tien for tiK en beaebet: Tbcy m«t flow Dp aad down 
witfa cbc ddo. anclior pcoblcn muN be 
... let rae have die boi (otntioa wocked oot. Dæ’t 
wgiK dK Bisner. The dificultia wiH argve Cbc thea*> 
ietvea. 

Så XtruuMo QuaddlTi åMiuctiaet fix 
die Nocmaady laodingi. 

I. I >■ Mc', oi C » s:s? 

Mia't grcatesc tchievement, since his tnutery of fire, was th« release 
of aeomic energy, with ia fiilfilment of Eiastein‘i equatioo, fi mc* 
(Ene^ equalt mats. muldpUed by che square of die speed of Ughr; in 
ocher words, energy can be tumed into matter or maner into energy.) 
We know dse dangen, at well as the oppomioides, with wbich thac 
equadon u fiaugbt But diere tt anodier equadon just as poneniout 
-C-B:£. 

*C’ stands for ehe cerry/Mj capaeåy of any area of land, and tbe ability 
of diac land to provide food, drink, and thelter for die ereatures who 
live on it. 

'B' roeansfa'eråpotmtte 2 ,ortheabilityofthelandtoproduce planis, 
for thelter, fi»r dothing and, e^edaQy, for &edmg. Only plants are 
able to use die sun's energy to synthestse. from tbe air, the water and che 
loil, foods in the forms on wbich »wimalf can eadst, and pcovide human 
stistcnance. 

‘fi’ stands for atvironiM/itai resistmet, or the limibdons that any 
environmeot places on biodc pocendaL These may be 

climate, or terrain, or the spread of odes or Man*inade etosioa. 
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71116 tafadty depencb oo che balance between the otfaet two 

£uton. 

Tbu fonaula can be applied to any atea of land, &om a backyard to 
the entire nir&ce of cbe planet, and can inclode thc ocrant, since their 
pUnt 4 ife, and sea creacores. can be mott important to Man's survivaL 

Ctrrjini ufaåty will be improved by tacreasing cbe Wofic fttatial, or 
by reducang tbe airtmnnenCtf/ rewuwe or pre£érably bocb. Or (he 
cquibbnum can be by restxicdng tbe population whicb the 

area U expected (o support. 

In åmple IbrcnulacioD: if too nuny aninals are put out to graze on 
rai^ of lo« hotic potntfu/, e.g. tparse vegetation, and high mvinn- 
nmM/ Ttustmu, e.g. Sparse rauiM, the land will be ovet-grazed; the 
plant li£t will be exhatnted (and dte hiotk pottntial thus reduced); tbe 
toil will be eroded (and the anfirwimenUl rtsistMce thm incrcased); and 
the ringes will not cben have tbe uar/ing apadtj for its exUting popula¬ 
tion, or even £br a reduced population. 

The wbole hUtory of Hmio s^tmr has been a tmigglc with thU 
equadon. When primitive Man fim made a dub to kill a beast, and uaed 
a flint to cut ofi* ils skin to chat be could wear it fer warmth, he was 
overcoming tnvimmenul rrsutøs« to his own speeies; he could migrate 
climatkally to areas of greater (Érrying Aspsdty. When he fim gathcred 
seeds and tilled tbe gtound, he was increasing the tMc petaitul and 
when he irrigaeed dise soil he was increasing tbe Mrryiiij Uf<^ty of the 
areas vdiich had been atid. Vice vem, be redtsced the carryii^ capocicy 
of vast areas by OTer<QlQvatioo, over-grazing, destroying ferests and 
havit^ tbe toti tcoured offby thc rains oc blown away by tbe winda 

In Bhtatn, fermi hsttd in the Domesday Book have a higher hiotk 
poieitioi today than they had m An^o-Saxoo tinses. alibou^ tbey had 
been culdvated fer 900 yean. Tbe rice tercaces of Luzon in the Mtili^ 
pines are sdll hi^sly productive although they have been in use fer 
4,000 years. So, given good husbandry, bedr pomtiai can bcechanced, 
not diminished. On die other band, if a cky like London is allowed to 
sprawl over tbe richest soib in Middlesex, Essex, Surrey and Kent, the 
hiotk poieatiol b irretrtevably burmi under bricks and asphalt. If dse 
prairie graaslands of cbe Middle West are broken by the plougb and, 
year afier year. wheat b grown and the nouridimmt sodted out of tbe 
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toU to be »hippcd »s gtain aad lott as sowage into thc North S«a, tben 
environmental rtsistmet remorsdessly chai^ and dust bowls are 
crested. Wbea foxests are cut down (otte American newspaper con* 
sumes. as newsprint, tbe annual growtb ofa forest che tue of Siv opshiie 
or WUcshire) tbe rains, were once bliered by tbe Tcgetation into 
tbe undergroimd springs, rush oS tbe oaked mountain-sidcs, carrying 
tbe toil witb tbem. The bedt of riven arc laised by tbe alt and the low* 
land farms are drowned by tbe fioods and tmodtered by the detritus. 

To the natural environtnenial nsistMee, Man bas added bis own. Tbe 
effluents of his chimneys and sewen, tbe wastes &om his mines, factorics, 
distiUeriet and cbetnical piants, reduce che sunlighe, poison dte atmot- 
pbere and tbe riven, and comspt che sotl And now tbere ate tbe added 
hazards of radioacrivicy spread by climatic fåeton and tbe problenu of 
disposal of tadioactive Waste. 

We are liable to fb^et tbat tbe ‘populations' which tbe worid sup¬ 
ports are not only those of dte human species or the »nimat« adapted to 
our coovcnience. There is a rival worid of birds, aod micro- 

organisms, and the oeatures we call 'pests*. A lump of earth no bigger 
than a foocball could more organisms rban there ate people on 

this earth. Thus we are compecing for tbe hiotie poltntitl. 

a. WINCBD STOMACHS 

Take tbe case of tbe locust: Whec tbe east winds of Bgypt brought 
tbe locusts and ‘tbey covered du £ice of du wbole earth to tbat tbe laiul 
was daikened', tbe plagoe may have teeaned an aa of God to tbe 
Israelites, but Man was largely respontible for tbe visitation, It was tbe 
price which was beiog patd for du culdvoion of tbe Nile VaQey. 

Whac is called tbe ‘detert locust’ is not a typical insca of tbe open 
desert or of du arid gratslands which oceur m marginil desert areat. In 
&a tbe nacural re<{uirements of tbe locusts do not suggest a high degree 
of adaptation to d eser t condirions. Tbe female locust lays her eggs in 
sand, but not dry sand. Tbe eggs have to have a very high d^ree of 
bumidicy. Wben ebe young locusts lutdi. tbey must have suÆdmc 
green food, usually tender piants which spring up aftet a tbower of lain. 
The adulcs can torvive in dry condirions but, fbi ebeir sexual nuturarion. 
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they re<]aire nioculenc green tbod and lunnid air. Tlius they develop in 
‘ecological islandt' - sand-dunes on coastal plains, belta along cbe beds 
of teasonal åren and around springs. 

‘nketr migratioos are telated to weadier &ctofs; tfaey need the vinds 
to carry them oa Aigha but m^or iwarm moTements take pUce 
cowatds zones of coQTergene air masses, which are assodated with rain. 
The locosd and du rains utually come together. 

Usus culdvatioa is an important factor in the development of plagues 
of locustt. An inigatioQ acheme in the Aden Protectorace has, in recent 
years, nimed it into a locusc brcedjng ground. Similarly, along the plains 
of the Red Sea, tn Eritrea, Saudi Arabia and die Yemen, cultivattOQ has 
bred the deiert locuits. One major swatin, in ipja, seemed to have come 
out of the naked desen bot its source was fiaally traced to a remote area 
in the Pezzan, tn låbya, where alfaUa vas betng culdvated tn a wadi bed. 
Here is an irony of nature: culcmtion promotes the locust wfuch 
destroys vhat is culdvated. 

Ihe looist menace ti bcreased by the sporadic culnvadon of margjnal 
desert - such as dut of the nomads of the Arahian Desert. The 
Bedouins may kue their poor crops to die young, hopping locusts but, 
when the insects take wing, they may destroy the of millions, 
perhaps a,ooo mil** away. While settled culdvaton have leamed by 
bitter expehence, and by famme conditioiu, what locusts can tneao, the 
desert nomadi have by no ineans the same attitude. Indeed, intemadonal 
effbrts to overcome the locusts have on many oecasioas been fruscrated 
by the tefusal of the nomads to co-opente, to report the existence of 
hopper swarms, to kill chem on the ground with poison bait or to allow 
the locust-fighten aooess to the localides. The reason is that the Bedouiiu 
regard the loctsts not as a destroyer of food but as a source of fbod. 
Locnststotbemateadehcacy.asshrimps might b« to others; they toast 
them or dry them and grind them into flour, to make locust bread. 
Locuse-f^cers have had to go into Arabia with bags of spedally minted 
Maria Theresa dollars to boy die ligho to kill the locusts! 

The plague of the Pharaohs it mil with us on a tcale more m gnariwg 
even dian in Biblieal dmes bccause the desperately needed food of 
millions b tnvolved. Ihe 'sttategic' range of the locusts is so gieat that 
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a »warm originacing in Eatt A&ica wUI d«vastate soudiem Rossia or 
Peraia or Pakistan. Tbey know no boundariet and no country ta tbe 
locust regions of che wotld caa feel tafe from them. Thetefore tfaey 
mutt be fought on an international tcale; given a ‘Grand Alliance’ and 
constant vigilance, tbe meoace can be averted. ‘Tbis was dramatically 
demonscratcd during tbe Seeond World War wben tbe lr>O OTt were 
bdd completely in check by tbe Allies. Tbe campaign was orgaiused 
OQ a military tcale. Great Britaio and tbe United States fumisbcd super¬ 
visors. trained cechnicians and i.ooo croops. wbo did the Seld wotk, 
with 500 vehicles to patrol tbe region and to rush to any tbr caTmed spot. 
Tbe Soviet Union devised speciaUy equippcd aircraft for the spraying 
of the breeding groundi. All tbe govemmetits of tbe Middle Bast fully 
co-operated and all twarnu were held in check. 

Again, in tbe spring of 1951 timilar joint action uved Penia from what 
direatened to be the worst locust pligue in dghty yeart. The 
were breedmg over an area of some 3,000 squaie miles in a remote part 
of tbe country. Within ten days, the United States bad supplied aircrafr 
and new and more powcrful insecrirides, and most of the locusts never 
left the ground. 

Unfortunately, witfa the deterioration of the political situation in the 
Middle Easc in recent yean, tbe task of the Food and Agriculturc 
Organindon of the United Nadoos, whkh took over locust-cootrol, 
was made more difficulc. Never was narionalism so inseiuatc as in this 
matter. For ^1,000.000 the F.A.O. could efiécdvely Control the desert 
locusts, but the nadonal expenditures totalled ten ri mg« as much as tbaf. 
Even that hgure u a fracdon of what the dcstrucdon of fbod coMs wben 
che locusts break loose. 

Locusc-fi^dng is not just laying bait or spraying clouds locusts 
from the air; U is also the research into the life and babin and 
bcbaviour of this insect whkb is, apart from Man in war. che most 
tkorough bving eagine of datrucdon. A locust is merely a winged 
scomach with a jaw. A locust eau it own wdgbt of fbod every day, 
whicb in tbe case of a swarm means thousands of tons per day. 
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[b cbe United Sutes. eveo widi its highly advanced agricultunl 
lerrices, lo per ee«t of aO feod ctops are devouied by nun't rivals befere 
chey ue harvested. 7 l» percentage in otfaer kss sdenrifieal l y equipped 
ffpwntries b fer htghcr. [nsects are coosumtng, in che fiddi, feod suÆdeat 
to nna<f»nin ten diMS that anniul increase in populatioo wfaich u erorry> 
ing everyooe. 

In 1946 che wocld vu feced with fecninf. A cmfetence. called by 
^Joha Boyd Orr,theDitector<GeDeTalofF.A.O., wasbeld in Wash* 
ingtoD- We were coo&onted by a shoitage of gram and grain-equivalent 
whkh could have meant che tacrifice of 75,000,000 people. ‘Grain- 
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equivalent' jpfliidgd riæ. d>e ttaple feod of 75 per cent of die Asian 
people. Tbere was a diortage of 11,500,000 tom c^ticc But tbat ihortage, 
die Ksult of the nvages of war, was equal to die aoiount of rice annually 
deitroyed bi ston by pests. Much more was destroyed in che fields. 
Indeed, che appalling Indian rice femine of 1943 was mainly caused by 
a fungus disnse whicb, in cridcal areas, led to the loss of over 90 per 
cent of the crops. The &equent attacks of die galt-fly on growing rice 
can destroy a wbole harvtst. Thb fly aflécts young plints tn India only 
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between 14 September aod 15 October and tbe amwer fetmd by die 
sdeatisti is to breed straini wfakh can grow earlicr and SToid tbe gall> 
fly, which, once ics occupadon bas gooe, disappean. Anocher rke pest, 
the borer gnib, atcacks rice at two stages, k kilb young pUnts but tboae 
which it actacks in Uter staga lose tbeir grain ean. The borer lika 
frrain« which are tnildly soented. So die sdentists have bred varieaa 
which aronucically repel dieni. 

(IncideneaUy, tbere was no fåminc in 1946. The grim facts with 
whidi wc wete ti*aling were true but cwenty>duee nations met in 
Washingtcm and agreed to self-denying ordininca by which tbey 
restricted th eir ooniumptioa and spread tbe shortaga, or at lease the 
available supplies, and all nunldnd beneflted.) 

The Food and Agriculture Organbadon has studied whac happens 
to the rice and bread graios of tbe worid wfaile dsey are waiting to be 
prepared for human coosumpbon and has discloied flgura which are 
ceroinly eye-openen. Rats, insects and fungi destroy annually some 
33,000.000 tons of essential foods. That is enough to feed the mcire 
popubåon of the United Sata for a year; altemadvely it tneans, on a 
worid Ktl** ! rbae one person in every fburteen in the wodd is liable to 
die yearly from scarvation bectuse he is deprived of dut fbod by dicse 
predaton. 

k is also reckoned that millions of taos of foodseufi are wasted in 
frfd ing the disease germs and parasita in the human body. A gross 
example is, of course, the intestinal worms which are unirersally pre- 
valeni tbe people of the tropics. A peasant may wodc a third of 

his life just to frfd his ape*worm. But it applia also to the innumerable 
germs which batten on the human victim and make it impossible for 
him to absorb the feod wluch he eats oc prevent him from produdng 
food which be might eat 

4. WINCBD DACSIt 

The malarial mosquito is a spectacular men a cr , because althougb ic 
sudts only a ony amounc of biood, it has affiictcd something like 
300,000,000 people in the wotld and bas killed annually about 3.000,000. 
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Whrr« smlada it endemic, dut h, where it afflim tfae majoricy of the 
pepulitioo, te auy aot be a killer in dw seiue that malaria would 
fuddenly came death. k cemialy dtortem lifé and it cripples the popi>> 
laooQ. 

I have teen at fint hånd «dut malaria in most parts oT tbe 
World. It is definicely ooe of tbe prindpal causcs of the ibortages of bod 
in tropical councries. The malarial seasmt rery often coinddcs with che 
traniplaadng of the rite or its harvesting, or both. Two oot of every 
three of the pcasants who might have been working on tbe land at those 
critkal periods have been lick of die féver. Tbe result has been pooc 
crops through inadequate husbandry. In other parts, as in che north of 
Thailand, the malarial leason hat cotndded with what might have been 
a tecond growing seaswi. The peasants, witfaout uadue fbod shortages 
to themselves, have sctdcd br a single crop, altbough tfaey might have 
produced two, and might have provided a surplus br export to other 
hungry peoples. 

In East Pakisean, vdiete unbrtunately they have had two malarial 
seasona, malarial conttol and the Virtual banishment of tbe tnosquito 
have meant dut the crops fromtheexistiDgacreagei-without exwnsion 
ofculdvacioa - have been iacreasedinsome crops byover jo per cent, 
So malarial conttol could, in United Narions terms, be gcnuinely 
rcgarded as a bnn of *Techiucal Asustance', that is, a means of increasing 
eoonomic output. And, through the World Health Organisadon and 
the United Nadoas Children s Fund, malaru>coatrol scbemes were 
vigocously demoQstrated throughout tbe tropical wocld. 


5. ivoioTioK sarou oot stis 

Then there was a moment which I »hall not readily beget, in Oaober 
1954, when a disquiedng report was received at the World Health 
Organisadon in Geaeva. It came fiom Or Peter Issaris, the of che 

malaria team in Indonesia. The conscemadon whidi was catucd was 
tike duc which would oceut in a military high comnund if its IntelU* 
geace Cotps reported duc enemy bcces, in buUet'pcoof imi fi>f ms. had 
penecrated the defenca and were operating >»hini 4 die lines - and an 
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enemy whkh had beea considered finaUy dcfoted. That was in 
wKat the report mcant. 

Id a campaign in which the lives of millioos of human heings »"d the 
bealdi hundreds of millions of human heings were involved the 
appearance of a maUiia-mos^uito invuloerable to couater-attaek was a 
jusdliable cause for alarm. The mosqoito. in this case, was AeAnopkeles 
suidaicus. the malarial mosqtsico ofjava, hot, presently, the same reports 
were beii^ recdved &om other r^oos as well. proviag that the 
mosqoito was sbowing reiiscaace to insecriddes. 

Up till then everything had been going well in malarial cootroL 
Although there had been evidence that the house-dies in Italy and the 
typhus-carrying lice in Korea had hegun to develop a tesistance to 
D.D.T., there had been hopcs that the mosqmto had not the same 
capacity £br tesistance. The result was profbundly discurbing because U 
plain presently that the mosquitoes which were D.D.T. resistant 
were not just occasional ones which had escaped, or individually re- 
Bsted, D.D.T., or had even acquired, Uke arsenic-eaten developing an 
immuaity to the poison, a habit of DJ).T. 

What was happening in &ct was evolution before our very eyes. It 
was found that a firactional percentage of all mosquitoes had a geoetic, 
or hercditary, resistance to the poisons whkb killed their kin. While the 
vast nujority of mosquitoes were killed, that percentage survived and 
when chey 'ineer-married' they bred a type of mosquito which had a 
natural resistance co the poisons. At fint the dispositioa was to poob- 
pooh the development and to suggest that U could be overcome by 
timply switching the insectiddes - tbat vdiile D.D.T. might fail, other 
Chemicals might succeed. This was ooly partially true. At the most, it 
gave a respite but presendy the mosquitoei were fi>und to be resistant 
even to the alternatives. Once this was apparenc, the alarm 

real because, in regions where malaria had been coatroUed, the 
natural human resiscances to die deadly efiects of the disease had been 
reduced and if the malaria was reintroduced a6esh into these regums, 
it would tear through the tropics Uke a forest fire. 

This led to the World Health O^anisadon's proposals to substirute 
for malaria controi malaria eraditathn. This mcans something quite 
In malaria Control, the idea is co reduce the insect population « 
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the motqoitoes. the bit« oT wbidi tnnsfén nuLm from one human 
bcmg CO anocher > until che numben are iasignifrcant But ‘endicacioa’ 
meuis getting rid noc of the mos^uitoo. but ol* the nulaiu itself. This is 
periécdy frasible becuae afrer abouc three yean, if dsere is no re- 
iofrctioo, che patasUcs of malaria disappeac from the human hlood. It 
was reckooed that the time k woulid take £br the few kuectidde* 
rcsistanc mosquitoes to muldply and replace thoie that had been 
eliminated would be about five to seven yeats. Ifr in tbac interval, the 
pansites could be removed from che human bets^ dse reassertkn of 
the mosquito. aldsough unpleasant in cenns of biting, would notcoovcy 
the ditease; the mosqoico has to tude the malaria-parasite from a human 
viedm aod transfer k to another human vietkn in order to sptead the 
disease. 

The sttategy of the W.H.O. campoign, eherefbre, was to press on 
with the inseedddes to tedoce, by killing off che noo-resistant types, 
the mot^uko popubbon and, there£>re. the spread of the disease. 
Thoroughly prosecuted, dbis woold mean dot the number of accive 
cases would be reduoed to diniral proponions - dut u dut individual 
cases could be treated and cured with modem anti-malarial drugs. 
Co mbt oed with actual creatment, diere could be a prophylactk cam- 
paign: there are drugs whiefa, taken regularly, will prevent poople from 
haviag the disease. Sbce, however, this b a r^imen which few un* 
iostructed people are capable of foUowing. one device was to introdxsce 
tfaete drugs into die common tak which the ttopical peoptes would be 
uting, lo thu wty, u was hoped that befbre the emergence of the 
insectidd^resutant mos^uitoes in force, die disease would be removed 
from the biood of the human pabents and, therefore, could not be 
spread. 

Thu was perfrctiy frasible but naboaal thocMghtcdness interfered 
with a great intemabonal project The countries widi the finatKi al 
means to support thu eunpaign were, by and large, those countries 
which had already goe rid of malaria. The support, however, of the 
Malaria Endkabon Pund and of W.H.O. was quke madequate. Some 
countries liAicced with malaria began. with the of W.H.O. 

and the UJ 4 . Children's Rmd, to undertake eradicatioB on a syttetnatic 
scale. Mexico, Ibr example, oeganised kt etmpaign as tbough ic was a 
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miliury opentioa - incl»<img genenis. transport ol&cen and an 
operaDonal High Cotmnand. With hundreds of motor vehides carrying 
dsc spray teams over the oountries, with mahrial cavalry mounted on 
horses and mules climhing into the High Sierras and penetrating into 
the jungles, the Mexicans b^an thoroughly to rexnove malaria. But 
the surrounding countiies, impoTerished i t is true, were not so thorough. 
Tbey pleaded that malaria was only one of their urgent cnng frm and 
that it was too ambittous for their limited resourca. That was quite 
true. But it merely emphasised the faet that this was an international 
commiement and not a national one; if the malaria of diese countries 
spread over the &<mtiers, the Mexican dforts would be completdy 
wasted. 


6 . BAOIOACTIVB UOSQVtTOBS 

People do not usually associate mosquitoes with the hozen North, 
bnt old Arctic hånds will teU a tendetfbot; ‘Skectets I They are so big 
we skewer them on spigots and roast ’em!’ 

That is an exaggeration. but they are certainly 'man-eaters'. Fom^ 
nately they do not, like the anophelci mosquitoa of the tropics, traosmil 
malaria; but when the mutkeg swamps un&eeze in the Arctic summer, 
the insccts swarm in such vast numben tbat the settlen’ lives become 
unbearable. Indeed, it can be said that the mosquitoes. like the warble 
dies of the north. are a bigger obttacle to the developinent ofthe Arctic 
regions than the cold or the Long Ni^. 

If as will be proposed later in this book, the Arctic and tub*Arctic 
regions aie to be made part of our habitable world. something will have 
to be done about these hottile and voracious insects. But apart from 
devising ways of descroying them, it is impoitant to know bow they 
fit into the ecology ebe r^on. and, for both reasons, scientists 
are hard at work studying their hahiB. Ingeiuous metbods have been 
devised to keep tracks of the swanns and to leam more about the 
individual mosquitoes. One of these devices enlisa ebe bdp of nuclear 
energy. Dr Dale W. Jenkins, of the U.S. National Research Couodl, 
described at the fim UJ 4 . Peaceful Utes of Atomic Energy Con fc r ence 
at Geneva (1955) ** b^d been possible to ‘tag’ the mosquitoes. 
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k u known dut tbe mosqudtoes drink dw nectar of Arctic poppiet 
(aguD, people do not unuUy asiociat« fiowen with tbe Froroi North). 
Hk ximtuts feed tbe poppies with an artifidal feniliser cootaining 
radioacBTC phospbottii. In dK Arctic poppy. tbe phosphonu finds ia 
way into dse nectar. Ibe nuttquitoa are dowet^éeden and sip thu nectar. 
*11101 they pick up dv radioacdve dementi and from thcre on they are 
marked. Tbey carry tn tbeir bodies a' 'radio traumitter' and sdentuts 
with detecdng instruments can fbllow them wherever tbey go and so 
find out vital infbniuQoa conceming didr habits - information chat 
will lead Co dietr efréctiTe conttoL By moistenir^ tbe pupae of black 
fly with radioacore liquid, the sdentists weie also abk to study che 
habits of this other northem pest 

AU over Ak worid, the use of tbe by-productt of atomic energy. du 
tadiO'^sotepes. b making k potsible to study noc only the behaviour of 
insects bat of miao-organhmt, including viiuses, and thus to know 
better this rival worid of Eving thmgs whicb are not only Man's com* 
petstors but in many cases his inditpensable aUiea. 

7. OlSiaSl'CAlIYINC SMAtLS 

Another example of a dåcase whicb igoores fronciers and which noc 
only aippla or kiDs individuals but also beggars nations is bilharziasis. 
Hus is a discaie which is carried by nuils. 'Hie water snail, which is iti 
vector, rdeases parasites into water and they penetrate through tbe skin 
tttto tbe biood sy stem of people wotking bardbot in irrigadon systems 
ot badung in tbe rivers. Hus diicasc is particnlaily rifr in Egypt but it 
spreads through tbe Middle Bast and through most of che condncnt of 
Africa. Apatt firom shoctening Idé and maldng che vkdins miserable, 
tbe disease prevents the peasanti from wodung and reduces rh ejy energy 
in the prooesses of produdng food. An example of ics serious economic 
impaa u provided by IsraeL Here half the country is thirsty desett. To 
irrigate duc desert and malte posable the setdement of thotitandi of 
food-producers, the Istaehs, at enormous expense, hid down a pipo* 
system from dse north to Beenheba. in che desert of the N^er. The 
engtneers finished the job bue it was found that tbere was bilhaizia, 
iniroduced by soldien on leave from Egypt during the Second World 
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War. tn the waten of the north. k would have beea disastrotu 
bilharzia eo have been tpread tnto the south, aod the ptojea had to be 
held up (or a year while the cuils and their disease were 


t. TRS TÅltBY OF TRB BIINO 

In Ghana, one of dte hopes of the tn&Bt tovereign State was the Volta 
Sdteme, which was to hamess the grcat river and to produce electrictty 
and irrigadon waten. But m the headwaters of the Volta River was the 
‘Valley of the Blind'. There, as in Northern Nigeria and parts of Bast 
Akica, bceeds the rimuii'iiin dy. This fly, wbtch breeds in the shrubsalong 
the streams. trammits by its bite a parasite. This parasite complets its 
lifé-cyde in the biood stream of humans, and by a ctud dispensadoa of 
nature at one tt^e it impii^es upoo human eyes producer blind- 
ness. In die ‘Valley of the Blind* most of die people were »o aflltcted. 
There was every possibility that this fly, and its eonsequences, mi ghr be 
carried by the Volta Scheme mto othei parts of Ghana, hitherto im¬ 
mune. One of the &ctors to be taken mto account in the developmeoi 
ofan engineering project was, tberefore, dwgetting rid of the risks of 
the simulium. 


9. TRB KIVAL WOKID 

Of all the myriads of species of iniects and organisms in the 'rival 
World’ only a small kaction are in Giet hostile to Man - although, as we 
have scen, the ravages of tbose are im mense. Animals, insecti and 
organisms are only regarded as pests or pesrilences when tbey are to the 
disadvantage of die human species. They have dieir ownpceoccupatioas. 
In the struggle of nature, they batten upon caeh other and act as pre- 
dators. controUmg, in cosnpetiDon with each other, the over-develop- 
raent of pardeuUr types. 

Ofcen we are ungratekiL We forget, for example, that the black tat, 
which spread the hubonic plague and gave rise to the Great Plague of 
London, was (sod with it die disease) by the (brtuitous intro 

duedoo into Britain, and into Europe, of the alien brown tat. The brown 
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rat cxterxnmated the black tat and muldpbed to bccome a pest ttself. 

Wben mkio-o^anisnu cause food to rot we call tc ‘puerefactioD’ but 
wben tbey break up tu^rs and produce alcobol we caO It 'fermeota- 
don'. We blanie organisms for causing disease or for destroying out 
food. but we forgec tbat tbe living processet would be quite imposdble 
withont nucn>orgaautm. We are appalled at the thought of harbour- 
ing gersu in our body but out digestive processes could not be oom« 
pleted witbout them. Tbe stomach is nearly always ftec from bacteria 
because its add destioys most of them. but the intesones have an increas- 
ing number of germs • the large intestine swarms wich them. Most of 
them serve a useful purpote in dse process of digestion and disposal 
of food, and phytiologisu have aometimes to remind doctors who are 
prodigal in chexr use of germ-kiHing andbiodes that tbey may be inter- 
fering wkh tbe benefidal processet of uatute. 

We resent the (ux tbat vimses produce diseases, like the SwoUesi 
Shoot disease of tbe cocoa plant, but we forget tbose other orgaoums 
whicb produce the nodulet oo the rooti of plants which are ia^pens- 
able to the intake of nitrogen from tbe soil. Plants and crees are de- 
pendent oa insea Ulc aisd oa bacteria to eoable tbem to absorb tbeir 
food, and our cropt and our fotests could not exist without the co* 
operadoD of tbe gerou in the soiL 

Somedmes 1 visit that part of London which is known as ‘London 
Relds*. I remind myself that at this very spot were once the Plague 
|H(S of London into which tbe tumbrils dpped the dead, and with them 
the PlagtK genns. Soaie 70,000 peo^c died in that Pl^ue and were 
disposed of in ptts. How could all tbis laalignaney be twallowed up by 
the toti? Ihe answer is now to abundantly plain that ooe woodert, in 
retrospect, why we did not discover penidilin until the nuddle of the 
twetuietb ceneury. Tbe answer, of couese, is aadbioda. Those are the 
micro^organisnu wfaich destroy tbe pathogcnic geno} of dtteate. 
PesucUlin itself came from a fungus, pendållm MUtwn, a mould which 
grows on hyssop, bue most of the other antibiodes, strepeomydn, 
chloromycetin, aureomycin, gramiddia, and many othen, however, 
have cotne foom tbe soti. 
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10. TSBTSI SBNT1N8L 

Miny yrean ago I was lectunng oa malaria and how to get rid of mot- 
quicoea. A black-skiiined Hauna from dut coast of Aixica which uscd 
to be called 'Tbe White Man’t Grave' goc up and said, 'In my country 
we call tbe mosquito our tentry > tt keept che Wbite Man out.’ La the 
same setue. as has already been menåoned, du tsetse fly has garrisoned 
an area of Aflica biggcr than the U.S. A. against the deprcdations not oaly 
of the White Man bot of tbe wbole human species and its domesticattd 
animals. Professor J. Phillips (wbo was belatedly called in, as a naturalist, 
to salvage the Ground-nut Schemc ofTanganyika) accepts the view dut 
dte fly lus protected most of the condoent against the tavages of erosion 
and dcsiccation. 

In a symposium on the ‘Biology of Deserts' he said: 

‘Wbere the tsetse fly ezisB on a large tcale its attempted removal 
and the eflbrts to introduce hvestock to fly-fiee areas must be accom- 
panied by a policy and practice of herd Control and pajture manage- 
mesu, suppiy of water points, conservation fårming and infbrmed 
and £rm administrarive diiecdon of tbe local people. Partknlarly 
disascrous u tbe coiucquence of the uncoatroUed continuance of the 
widespread purchasmg of wives by roeans of thriftless Uvestock - the 
status of a man bcing jodged not by the quaHty of hu stock but by 
the nufflber.... In the absence of mcasura providing fer the con* 
servadon of country bidserto under tsetse fly, oventocking would 
readily produce a fer worte corae than tbe fly. It would lead to soil 
destruedoo and erosion.' 


II. THB SACBBD COW 

Ic is the I trk of this kind of chinking whkh has caused destruedoo of 
widespread areas the woild and led to well-intendoned ichemes for 
development gotng tadly astray. For instance, in the Sositbem Sudan, 
wherc the true desett inerges inco savannah land which codd be quite 
osefuUy devebped (if commoo sente prevailcd) tbe administiaton. 
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wanting very properly to benefit cbetr people, opeoed up wacer-holes. 
The result, in butance afcer instance, wu that the tribes converged on 
these wacer^holes in exceuive numben. They herded their scniffy cattlc, 
vhich, ai Pro/éasor Phillips pointed out, are thriftlesi, usdu) nehher for 
milk nor for meat, but merely u an evldence of wealth. They came for 
the water but pcesently the herds had ctampled the arca around, eaten 
all the hetbage and redueed the localides to dcsert. This type of excessive 
graztng by weless cattle hat also extended the Kalahari Dcsert, south of 
the Equator. 

Referoice to the thriftless money^eattle of Africa recalli the problem 
of the Sacred Cow of India. In India tbcre are as many cattle as thete are 
people. They ate sacred and cannot be killed. They eat more food than 
the human population, whose lack of food is a cause ofchronic concem. 
The cattle give tw meat and very little mille. A vast proportion of the 
cows art diseased and they spread discasc. It is revolting to the outtide 
observer to see poor decreptt beasts dying mberably of old age or disease 
and yet tso one puttitig tbem out of their misery. Ic u absurd to see tbem 
btocldng pavements or lying aeross the tramlioes or holding up whole 
streams of trailic in busy cides but stUl having to be left to exercise their 
‘firce will'. Usoughtful leadert in India are well aware of the gravity 
of this problem but their dUhculties were not eased by Gandhi, whom 
we thuik of as a man of greac wisdom. but who said, 'I yield to no one 
in my worship of the Sacred Cow t' The Food and Agikulture Orga&Lsa> 
don, while treading warily amid the religious prgudices of the Indtant, 
have gone in to belp. Experts have at lease done something. Ii is per> 
mitsible for the hides of dead attle to be laken and tanned, but the 
Icather has been pracdcaUy useless. because by the dine the skinnen have 
got to the cattle the hides have alrcady been decaymg or been foU of 
blow-hoks. F.A.O. experts ntggested the setdng up of reserves wbere 
the aged cows could be ‘pensioned ofiT. Attached to these compounds, 
koown as gosaJunt, are skilied flayen, whose job ic is to gec at the 
as loon as they can after death while there is still bope of talvaging the 
hides. As a result, the quality of the hides and of the leather bas enor- 
mously ifflproved, to the economic advanuge of the vill^as. 

The experts have also introduced better breeding methodt - the 
‘sacredness* doa not extend to nondnterfetence witb »hw - ao that at 
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lease tbe milk sapply can be improved, bal che problem, as a whole, 
remains intractable and pervene in a coimcry wbo«e hungry population 
isincreaiing at the rate of over 5,000^000 a year. 

The purpoM of tbese eximpla - and hundreds more which could be 
quoted-is to temind us dut no matter bow grandiose our ideas nuy be 
about the conversion of nature to our purposc, short-cuts are o&ea the 
loog way round. Measures which seem self-evidently useflil to the 
experts, or expeiiences wbkh have beea successful in rae part of tbe 
wodd, can themselves mean delays in developmcnt or eause itrevocable 
damage. The best advioe that can be ofiéted to any expert going out to 
onderdeveloped countrks b; know wbat you are changing befbte you 
start to change it 
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How Many People? 

*I1k pution between tiie texes bas spf>esred in cvery 
age to be io neariy the mim, dut it may alway« be con* 
tådettd in algeboie language, u a gtven qtBodey.' 

An Emy wi AipulM'en 
byTBOHss B. MAtTnut, 179B 


I. STANDINC BOOM ONLY 

In (he coune of 2i0OfiOO yean Komø tapiens multiplied to reach the 
figure of 2,500,000,000. It will take only chirty yean to add another 
2,000^000,000. The figures today are cwi« as h^b as diey were a century 
ago. Sy the yeat a.p. 3,000-just fbtty yean oflf - the figurei will be 
twice. maybe tbtee dmes, u high as tfaey are now. 

To show how grotesque the present nte of population inerease is, the 
United Nations experts, in tbeir tepott, Thr Fulun Gnuitk cfWotU 
i^ipHbdon, projected thelr calculadons 600 yean ahead. 600 years is 
no( long in the dow-scale which we have been usii^ in this book. But 
in that reladvely short Space of tune, ifthings go on as they are (and, of 
coune, they cannot) chere wilt be tben 'Standing Room Only' on the 
fiKcofthis planet. 

Takii^ Ae whoU land surjiue, inAtdinfi ngions at pnstnt uniiAa^tahle, 
tadt perm ipøn/d enly have øne stpiart metre pj tand te live on. 

This piccure of people dtoging to the planet like a swarm of bees is 
scarcely Icss alanning than the tnescapable proqseets of the tmmivliari« 
filture - 'inescapable* beause, sbort of a univcrtal catastrophe. die 
minimum figures of the United Nadoos experts are irreversible in the 
next thirty years. Death control will contmue to operate, wtdi the 
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hofnanitaiun tervket of tbe worid bringing relief from di ifa if and 
enAbliog peopk to live longer than the pathctic ipaa of thirty yean 
which is cbe lot of die peoples of most of tbe underdeveloped wodd. 
And no advocates ofbirthcontrolareopcunistic enoughtobehevethat, 
even if wisdom did prevail, the trends coold be nuterially altered m tbe 
Space of one generation. 

As the offidal United Nations report said: 

*More dbcurbtng dun the projected 6gare of a population mount- 
to 6,000 or 7,000 million by the tum of the century is the faet chat it 
will probably be aetained dut soon. The year A.D. sooo is no further 
m the (ucute than the year 1914 is in the påse. Noc only 
achievement but progrea tn intermnonal co-operadoo and otganisar 
don will have to be more effeedve rb»n during tbe past 43 yean if the 
cxpected numben of mankind are to be accommodated to the 
minifnum condidom required for human dignicy.’ 

The esdmates produced by the Population Braoeb of the United 
Nadons* Bureau of Social A&irs do not tally with thote previously 
calculated in 1931 and 1954. Tbe upward revision has been necesary 
becauae, whereas in the past figura for the Chinese popukdoo had been 
just guesswork fabout 463 million*) the first complcted census (1953) 
disdosed that in Red China ihere were 600 million people. So the experti 
had to think again and tbe rault was dut tbe lowat etdmate for 1980 
became 3.850 million instead of tbe 1,976 million of the 1951 odnuta. 
That nieans duc the worid has to provide board and lo^ing for neacly 
1,000 milhon people who were not foreseen ten years ago. 

1. THB OBMOCKATHIC BBVOLUTION 

In the lifédme of the yoonger pobadans of today the Demographic 
Revoludon, which taka no account of polideal ideologies, will have 
completely changed the panem of worid poHrio. Whereas at the bgpn« 
ning of this century tbere was one European to ewry two Asians, by 
the end ofthis century the tado will have beoome one to fbur. (The tam 
‘European’ inciuda the endre Soviet Umon.) Ladn America will have 
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bcrea<ed io populackia cenfbU m the twentieth ceatuiy and tbe retoatn- 
tDg contnena will have mcreased fourfold. 

Hk treacU give the expatt no coosobtion; there u no 

pfotpca of an abatetnent in this flood of population. The nuasuics of 
death oontrol will keep more people alive. Bixth cootrol in counoies of 
Ki gh fertility is not Ukely to produce a decreasc veiy soon and, in most 
coontries of conparadvely low fettilicy. no further decrease appean to 
be inuniiKne. Even if dK (amily planning campaigns of the govem> 
ments of India and China were e&cnve and if, though i* unlikely. 
Latin Anufica with iti Catholic traditions wcre to pnctise birth-^ontiol, 
the hgure for the next twency-hve yean could be leas bad but not 
subftantially bcttet dian the wom snisgiviogs. In only ooe country, 
Japan, has there been any dranuQC reversal of trends; there the birth' 
rate per ihousand dropped from J4.3 in 1947 to 30.1 in 1934- 

More sombte even rl^n the total figute for the worid is the distribt^ 
don. At present the prosperous, technologically advanced countries 
contain slighdy more than ooe-diiid of the world's populadoo. By the 
end of dw century, oountiics wiU aocount for only a quaitcr or 
even one-fiftfa. Obviously unless human ingenusty and technical c<^ 
opetadon are betcer applied than at present, dK gulf between the pros- 
perous and the impovertshed countries will widen at the very time when 
the poltdcal consciousness and iosistence of the peoples of the under- 
developed couotria will grow. Against this piccure the most ambtdoiu 
progranunes of‘mutual aid' so &r earried out have been merely tinket- 
ing widi the problem and notbtng les than ccononue developtnent on 
a scale £u greater dun anydiing so for contempiated can modify the 
«~H*t and politkal upheavals inherent tn this Demograpbic Revolution. 

The populadoo quandary is obvious. The biggest foctor in the 
changtiig picture is the dcciine in mortality which has beeo made possible 
by cheap and elfective diseasc controI The excepdon is in a fow areas 
which are remote from centres of administradon and are at the moment 
inacccssible to lifoaving devicet. At the one end, more infants are being 
saved to live, to marry and to procreate. At the other end. in the 
advanced countries, people are living longer and the spån has readsed 
over seveacy years - double the life-expectadon c^an Indian baby. It is 



HOW MANV MOPLI? 


261 


ndther policicalty pncdol nor morally rxmceivable dut tbc people in 
the underdeveloped couacrks sbould be denied the of modem 

medical progretr. To ducriminate against the people of such coimcries is 
tancamount to sdecdve genodde. Hk expem of the United Nations 
dtd not besitate to demand ‘new radonalised atåttides towards pro- 
creadon’ and taid thac the basic research into the physiology of repro* 
ducdon could find meatures for birth liniitation suitaUe for mass ose. 
T1 k 7 taid: 'We are swimmtog again« the dde of evoludon but baving 
discovcnd how to iocrease t^ Aood, we have not also, through bto- 
logkal tdeoce, the means ofarreiting it’ 

Uofortunately the sdence of agxicultute has not made the 
advaiKes as the sdence of medtdne. There b no agricultural equivalent 
to malaria control or the cheap-drug treatment of tropical diseases. In 
1958. for the fim dme since the Second World War, the global produc^ 
don of food changed £br the worse, but even oUowing for that recessioa, 
which was grim in icself, it was nevertheless true that the per apUa 
figtires for calortes were abreast of the inereased world population. Un-* 
fiKtunately, however, it u not a quesdoo ofprrorpire butofperstomachs. 
and although there u global avatlabihty there b local and regional 
hunger in thote very countries whtefa are muldplytng &stcst. The 
generally sadsfiKtOfy world figures indude the undbtrtbuted surpluses 
of the wenem hembphere aod reflea the giadfymg results of the &st 
tecovery of the war-ravaged fitrms of Europe. Farm techxwlogy can 
merease abundance but the impoverished, fécund peoples of the under- 
developed countries cannot aiSbrd the implements, the seeds or the 
fertilisers, not suÆdeocly qukkly can tbey acquire the know 4 )ow. 

3 . 8 BYOND THB CtIMATIC P80NTI11S 

As the report of the United Nations populuion expem poina out, 
die population which the world could mamrain might be as high u 
16,000,000,000 - and that even tkat esdmate might, in view of the 
sdendfic progress, be revised upwards. Cerainly the present figures and 
even the pessimisde future ones are fitf sboct of what the earth could 
sustain if thu were a taåoiul, co-eperanve world. 

Theclimadcfioaders-thehot desem, 3nddieAicticwastcs,andthe 
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neglccted high aldtude mas - can »ow be advanccd by the plane- 
beecdet*. who can sckct and adape crops co previoujly iæposiade con- 
Tbere are the va« unused vegeable resourees of the $ca; and, 
in tenm of fish we ate ptacdcally still at the cave-man suge - we are 
hunting our fish tnstead of husbanding them. 

The limitt of numezical tutvival. bowcvcr, do not depcnd oo teet 
pfogress alone. The intensive use of resourees for the benefit 
of all depends oo a tpecialuation of human aedvities and. w 

far as the furore is cosscerned, on a mueh greater degree of social organisa¬ 
tion than we have so £u aehieved at a wocld community. (Here we 
nugbc remind ourtelves of the temarkaUe achievements of the Inca 
civilisadon.) It abo requires individual discipltne and restraint - chings 
which human beings can tcaredy tolcrate beyond a cemin point It 
tbac it is impotsiblc co contempbte a furore in which we coodnue 
to exploit and to exhaiist the lotl and the mineral resourees of the eattb. 
Hiit would be a Bebhazzar’t Feast at which we would have igoored the 
plain vmdng on the wall. 

The United Natioos report taid: *1110 growth of popoladon during 
the nott wenty-five years, therefore, bas an importance which tian- 
Kfnd f all social and eoooomic condderadont. Il u the very heart of the 
problem of oor exutaicc.* 

|ndr**d it is, uoless vre wanc to iharc the death-wish of the lemmings, 
which. wheo chey muldply beyond cheir subsistence. drown themselves 
in an ocgy of mass destruedon. 

The ledgei-redconing of population b the sum to which dus whole 
book has been adding up - since tbe first sucoesful attempts of Homo 
sapi<HS CO maintain the survival of hb species and to ceproduce hunsdf 
as a fKinlring crcaturc in compedtion wich the rest of lilé on eartfau What 
has been discussed, in the length and depeh of hueory, has been the 
emergence of successive dvilisadons, devcloping m certain regions and, 
in some case, ooalesdng. But now there u otsly one locabcy, the globe 
itsclf. and one civilisadon. dse (otalicy of nunkind. 

Around that globe, likc the sentrics on a prison wall, march the man- 
made earth-acdlites, to remind us tbat, apart from a féw escapecs to 
the moon or tbe odser planets, the human race are prboaers oa thb 
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and minmls whidi it eoatains and therc k no escape dth« 6om tbe 
commoo liabilities to m a n kind. A few yean ago, it was pouible fiw 
onc to ignore, cven if one bad to deplore, tbe bnman catajtrophes of 
famine and pesdlence. Thcy always seemed to be a long way away - 
until the breadlines of the Hungry Thirties bcougbt tbem nearer liAmr , 
Today erery country ii no more than a few houn’ distance from any 
odier country. Half a century ago a frmine costing millinmc ©f lives in 
China or in India might have produced praycis in churches and public 
subscripdom, but it was not a coQKuac»<ruis. In 1959, the dcath ofa 
hundred people from hunger in tbe Maldive those lonely atoUt 
in the Indian Ocean, could provoke large i© Brioun and 

indignanc editorials demanding acdoa Convetsely, a louse bnahed off 
tbe rags of a b^ar in an Eastem bazaar could be in London or New 
York a frw hours later, with all its threat of typhus and pesdlence; 

Hk World, in terms of the material needs and haxards o£ mankind, 
has become a single community. k ts not ooly that tbe advanced 
countrics are sympathetkaDy awarc or politically conccmed about the 
needs of less fbrtunate countries. The los fbrtunate countries are fiil)y 
aware that hunger and disease ace not just the ‘will of God'. They no 
longer frtalistically accept dhem as tbeir inescapable loc. Etnergent 
nadonahsm ii one of dse symptoms of diij new awaieness and, at is 

abundandy plain from the ideologkal itresMS in tbe World, tbe ccooomia 

ofnecessity and of wdfrre are friUy recognised even by illiterate people. 
Whatever the patriotic impulses of frec d om, by which they deliver 
tbenuelves from the rule of alien people, the Third Ircedom - Frecdom 
From Want - is the most intisteiu. And woe betide any govemment 
which £ub in measurable time to ineet the material demands of the 
people. 


4. HOW SOLD A StOCSAMMI? 

The ‘bold new programme’ which Pret i dcnt Truman o&red in his 
Point-Four, promising economic and K><-btiiral aid to the under- 
devdoped countries, was a noble gesture. But, witbout diminiAing the 
genero&cy of the act, it it ncvertheless erw to tay tbat it was an admission 
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of the faca of our jhrunkcn world aod of the nuterial, as well as Ae 
political idatiotuhjp of the United States W the rest of the world. Thå 
was a tlut, ist the long tun. the western world would not be 

able to tecure either the aourcei of raw matchals oe the markets needed 
to kccp its industrics in operatson unless it could make cfective Ae raw 
nutefial reaourees and the cnonnous consuming powet of what has 
been called *tbe underdeveloped areas*. 

Sinæ the underdeveloped countriei no longer regarded their tfile 
merely as primary producer countries, as suppliets of matcnab for the 
more advanced countries, it was obvious that Adr industrial develop- 
ment and general raising of standard of Ufé were an inescapable eendidoo 
of aeaiting Ae supplia on which Ae industrialiKd countries lud come 
to depend. The world, in terms of fi>od and materiali, had bccome one. 

This fået was not easily accepted by the countries whiA had lecured 
an industtial pre^minencc. Even when Ae idea of Wliite Ment 
empires had beeome dimoii and the idea of either polideal or com- 
mercial imperialism had beeome ‘bad taste’. Acre was still a sense Aat 
Ae advanced nadons - the ‘white’ natiooi - bad secured Adr pre- 
by some God-gjven dispemadon. Somebow, we felt, only 
peoples with special or innate abilides could have created and taken 
advantige of the Industrial Revolurion and Aat Ae backward nations, 
Ufirin g these abilides, had been left behind. 

But what aic Ae &cts? As wc have seen. Man, Ae tool-making animal, 
devdoped his skilis and his mtcUectual capadty in widely differendated 
pans of the world. avilisadon, which for Ae purposes of Ais book can 
be tt lfn u meaning Man’s mastery ofhis enviromnent and Ae extension 
of Ae smenides of Ufo. developed independently, from the Indus to 
the Incas. Yet Ae Eskimos can step quite nonchalantly out of the 
Stone Age into Ae Atornic Age and master mechanical skiils; and y« 
Ae aboriginaU of Austnlia, Ae most primidve of all our modem 
priraidvci, can whitde a boomerang for which tbc acrodynamistt have 
no sadsfactory matbeitudcal exp l a n ado n . 

3 . A WAININC TO TBaiFB»ATB-20m MAN 


We, ofEuropean origin, may regardoursclves as the heirs of Gracco- 
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Roman culture and of JudaioOxristtan religion; bat t Mf themselves 
were che heits of much older traditions. Witfa bumility we, who boast 
of our »desuific atsd tedinobgkal dvilisatioo, might remmd ouxsdves 
that while out forefathen were tunning arouod with 

woad, highly advanced dviliaations were flourithing in tbe countries 
we now call ‘underdereloped’. The material dvilitadon, of which we 
enjoy che advantages and boast the supremacy. is. after aU. in dme-scalc, 
no older than the United States. While the colonists there were at w tin g 
their independence. the Steam Age was otiginacing with James Wan in 
Britain. Widi it came the marhines of inats*produccioa aod tbe com- 
nKrdal surpluses which chey produced. 

The fint Induscrial Revolution dtos began in Britain. tprcad to 
Europe. to A m e ric a, to Japan, and to the Soviet Union. Gco 
graphically, thereCbre, the Induscrial Revoludoo ‘belooged’ to the 
northem temperatc-xone Man. No wonder temperate-zone Man is 
inciincd to prcen himself! Has he not, in a brief two hundred years, 
adueved a mastery over nature and an induitrial prospericy which hat 
set him above. and apait from, all tbe othen? 

Let us, however. consider che &cn objecnvely. The bteak-thiough 
to induscrial prospericy which began with che steam>«ngine depended 
on cbcap, acccanble fuel - fossil fuelt (coal. oil and natural gas) which 
nature had scoced away millions of yean ago. Industry was ancbored to 
geological depotics. Where fuel was <heap aod ready-to-hand, detones 
creaced wealch, which could pay for education, endow research atui 
provide Capital for che new irtduttries which burgeooed from such 
research. With this chain-rcaedoo of potperity and this fred-back of 
knowledge endowed by Capital, tbe break-through became a runaway. 
In Asia, nearly 70 per cent of all energy is still muscie power, human or 
animal; in the United States only 4 per cent b to dcrived. The aver^ 
Western worker, with a finger-flick of a swiKb, can have at hu service 
the power-equivalent of loo human slaves. 

But consider the map. Wc might nodce a fra which should temper 
tbe ptide of temperate-zone Man. Tbe powei 00 which hu extdtant 
prosperity bas been based came from fossil fridt.Butnme-tenths of the 
world’s known coal reserves and four-frfths of the world’t oil re se r v e s 
lie north of Udtude AO* north, jusesouth of the Tropic of Cancer. Most 
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of the $o<alled ‘imderdevdoped’ counttiea !ie south of that line and dte 
infP>tpa SV (ux is »Kat, with che hest will, diey could not have had any 
share in a fbssil'fuel Indiutml Revolution, excepc as che providen of 
fi»od and raw macerials. which diey were. 

By geography and gcology, and wichout any rcfuence to aay tnaate 
abilides whk^ they might have manifésted if they had been given the 
oppottunity, the peoples of thete counthes were barred fro« die fltst 
In^trial Revolution and its fhuts. 

Ooly those who have seen the nature of poverey in thesc countxies can 


Moiktn MfijM (wWl of poa) iurk<I by • camel 

potsibly measure the consequenccs. A typical scene in a uopical country 
is dut of a buUock'team raising water Gnom a weU. To the chanting of 
the drivers, the hullodu tiudge badcwards and forwards under tbe 
r^ckss sun, iowering buckets into dsc well, hobttng the water and 
tipping it into the water courses to irrigate the diiisty soil from which 
hoth men and beaso get dseir fbod. 

Thote peasants are poor, de^perately poor, ycs they use the most 
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expensive power in che wortd - muscle>power. BuQocks have to be 
bou^it, tended and fed, yet, even with tbe meagrc food and pidful 
eamings of die nien who drive them, the eoergy^quivalent which tfaey 
produce cotts cwcncy timet as much per imit u the energy output of 
Britain’t Galder Hall Atomic Energy Statioa. 

A great many peoplein the worid are poor becautc they, of necessity, 
use caloties in their most expensive form as food, and energy in tbe 
mon uneconomical way of mutcle-powcr. Although we isay glorify 
jnusclo^fibtt - and indeed laud it in the perfennances of athiMct • it is 
deplocably inefficieat. Tbe advance feom tbe tteam-engine to atomic 
power. from the puUey-belt to automation, hat represented die emanci¬ 
pation of Man feom muscle-tlavery. 

PuUy to gratp the difference between mutd^power and mfrh»nig «1 
power ooe bat to diinlc of a transatlantic liner. If diat liner were a 
trireme, with tlaves puUing on the gaQey oan, it would oeed 3.500,000 
slaves to row tc in fivc days feom Soudtampton to New YocL 

The Paradox of power it tbac thote who are powcr-defident are 
power-extravagant. Wben we go around the bouse twicching oflflights 
to keep the decctidty biil down, we might rhinV of the villager 
huming cow-dung to cook his food fer his muidfr-power. Becautc he 
buem that dung, trutead of uting it at manure, hit toil is undemouruhed, 
hit CTops are tmdexnouiiihed, and he il undemourished. 

6 . TBI MISIBT-GO-BOUND 

This is the Misery-go-round of poverty; because tbe pcatant it poor 
he tt undemourished; becauie he it undemourished he under-produces; 
because he under-produces he is poor; and because be u sick, poor and 
hungry, he is ^norast But that is a very différent thing feom saying be 
is unincelligent. And because of poverty, these people are condemned to 
live «nirw«lt_ and cbcy brcod animals. 

One way of modifying that grim demographic picture is to raite the 
standard of livit^. This is an economic fea which has a biological 
validity: as the standard of living rises, the femily unit becomea smaller. 
In Western CDunttks, this has been amibuted to ‘keeping up with efae 
Joneses’ - if yoo want an automobile, you can't affbrd another baby! 
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Bot it is Doc M simple u that. Foc instance, in thc Ganges Delta region of 
Indå, a survey showet! that a peasant with ten acres (a big bolthag in thc 
tleita) was likely to have a fimily of what one might call *Westem' 
average (three to four) while his nei^hours with half an acre or less 
wouid be having ten to fifteen duldren. The fint wotild be as illUcratc 
as the other but, somehow, his relative prospetiey induenced the size of 
his fitmily. 

How to interrupc this Misery>go-round, la nmde of poverty? If people 
are side, they cannot grow Ibod; if they cannot grow food, malnutrition 
tfaem to disease. So one obvioos point is to start by getdng rid of 
disease. But if you get rid of disease, children survive to marry and to 
multiply: peopte live longer; and there are many more mouths to feed. 
With diiease-frcc human energy, peasanci can produce more food, but 
presently diere b a surplus of hånds; there is under-^mployment on the 
t«n ,4 - too many people crying to subsitt oa the fioctioaated, patrimonial 
soil. 

Ihe p raftifal answet u to dratn the surplus bbour olT the land into 
industry, to petsuade the peasants to combine tbeir Koldings into units 
more amenable to modezn meebods, to that they can berease tbeir 
Products beyond tbeir subsistcnce and have surpluscs with whicb to feed 
tbose transferred to industry. 

Hib, as will be seen, u a sophUdeated form of die partern on whsch, 
from earliest dmei, ooenmuniria have developed - tbe peasant inoeasing 
hu yields to soppon tbe craftsmen and, ultimately, sustain the complex 
supentniccure of society. 

But how can it apply tn couneria wbich are alieady overpopolaied? 
Whicb caises immediately the quesdon of what we mean by ‘over- 
populated'. India u 'ovetpopulated* but in terms, not of densicy-per- 
tquare-mile, but of yields. And yields are a matter of methods. As 
Dudley Stamp, alrcady quoced (p. 306 ), has pointed out, England, with 
a populadoo of a million and a balfi was already 'overpopulated' at the 
time of tbe Norman Conquest, in the sense that all the land wbich was 
rc^Dsive to tbe mcdiods of tbe time was already fiu-oied and people 
werc pushing, precariouily, into marginal lands. 

The natural inerease in the United States (duough rise in the birdi rate 
and diminitbing of die death rate) u highet dun that of the Asian 
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Tni 4 iam qc lodoRccam. The populition is increasmg at about 3,000,000 
a year in tbe U.S.A. as compared witb 5,000,000 in India, althoogh tbe 
yxi ^ng population there is neariy double dte American one. But 
whereas, in India, neariy 70 per cent are employed on tbe land, only 18.5 
per cent are *0 employed in che U.S^ (and only 5 per cent in Britain). 
Tbe bigb standard of livii^ in tbe western bemisphere is due to tbe 
that tbe barden of tbe increase u bome not by tbe tubsistcnce cfibrts of 
peasancs but by tbe industrial producdvity whidi, in a sense, hu trann 
fer red itself to die soiL By mechantsation and improved ^rm technology 
tbe U.S. &nner can support in food about 40 people »wvf from tbe 
hftfl And, furtbermore, tbe £ånn industry {»oduces tuch an excess 
beyond tbe needs of tbe United States that tbe Government hu to spend 
billions of doQan in ‘pcico«Qpport’ scbemes for the Éuinex to prevent 
bim from swamping tbe open muket. 

7 . THB »KICI OF FKOCHBSS 

That is what can be done wben a country is industrially prosperoos 
but whu happoii wben there is chronic poverty? Where do you start? 
Tbe peasant in India u poor (less than a yeu avetage ineome) »o 
that an}'tbing to improve his culovadon - better implemcnts, bettcr 
better feitiliset -> is beyond his means. In tbe Indian Govemment's 
pUn«, an of 700,000 tons of cereal is needed to meet that 

increase of 5,000,000 extra mouths a year. 

Tbe various ways of getting it would be (1) to purchase it from abroad 
at a cost of j^340,ooo,ooo a yeu (a) to purchase cnougb fertiliser to raise 
the a dd i ri^al crop, at a cost of100,000,000 witb tbe delayt of debvery 
and distribution (3) to import a new ferttliser plant eacb yeu. This would 
cost /]75,000,000 and would take five ycars to gct working. (4) to 
build an plant capable of making tbe cquipment for tbe 

fertiliser plant. This would cost jOto,ooo,ooo and would have (o be 
planned ten years ahead of need. 

To a country like tndia or f^hina , ‘lifdng itself by its own bootstraps,* 
the lue couise is die only possible one (while people go hungry in the 
nuandne). Alcemadvely, bdp might ceme firom outside. Leaving 
sendmenc out of it. and Icxddng at it in a d^t-lipped busineu way. 



2T0 


TBB tKRBBITOlS 


coQsidet it from cbe potnt ofview ofB tuccestfuUy induKrulised oovmtry; 
dte gnin is m dic silos of the western heituspbere and thcce is a 
^100,000,000 deal to be done. Ot equipmeat nsanufacturen mighc 
want to coUect thac ^7$fi00,ooo a year for new fertiliser plants. Or 
engineering frnns might b« ptepared to build the workshops to produce 
dte frrtiliter plants. Or chey might say: To blazes wich it I Tlut puts the 
Asiaas in compctition with us.' In dut case. if help is refrised, the Asians 
would have to go ahead and do it alt from scratcL Human mltery has 
to be added to the final rcckoning. And that redeoning, policically and 
eoonomically, will do the advanæd countries no good. 

'Bist,' tome will uy, look at all the money that has becn pourcd into 
dse underdeveloped countries: U.S. Mutual Aid, U.N. Tecbikal 
Assistance and loans from the International Bank, the Britislt Colonial 
Devdopment and Welfiire Funds, the Colombo Plan. . . All right, 
look at thcml In I9$9, cominodity prices slumped. The advanced 
countria could buy tbeir raw materiah frr more cbeaply from the 
producer countries. The British balance of trade and gold reserves im- 
proved estocmously. The Prime Minister could say, ‘You've never had 
it so good!' 

The Scaetary'General of the United Nations, Dr Dag Hammar- 
sl^ld, however, pointed out what this prosperity meant in reverse - in 
the underdeveloped countries: 

‘A frU of only $ per cent in the average of thdr expott prioes is 
approximately equivalenc to the entire inilow of apital which tbey 
receive not only from the Imemadonal Bank loans but from all other 

Hk price of some staple primary products had dropped by from lO to 
47 per cent t 

Hius, ten years afrer Preiident Truman's 'bold new programme’, the 
gap between the prosperoui countriet and the impoverisbed countries 
was not dosing bue widening - 'Unto ihera chat hath shall be given’. 

Yec tbc frets of our shrunken wotid remained tneseapable. New 
nadons vrere merging with an insistent awareness that disease and hunger 
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wereiiot‘duwiIlofdiegcKls’butattbediscreti«aofManandatat for 
tbeir govemmeoB. The 4.000,000,000 people of 1980 wcre only cwenty- 
ooe ye»r» oS. And 10 were die predicooM of che Paley Report 

8 . NO COOHTIT IS Sll.f-SUHICIBNT 

Thb repon of the findiags of cbe U.S. Prwidenfs Macerial Policy 
CommmioD, presided over by Mr William Paley, was published in 6ve 
volumes in 195a, and deals with the problem of prot p e ctiv e mineral 
sttpplies CO tneet the demands of die United States. In 1930 che U.S.A. 
was using aboot half che world’s supply of minerals and was increaung 
its demand at about 3 per cent per annuin. In that year the United States 
ootuumed 2,700 millioti ttmt of matcriils of all kinds ■> ores, 

non-mecaUic minerals, agricultural materials, construcdonal xnaterials 
and fuels. Thac represenced 36,000 Ib. for every man, woman and child 
tn the country. With less chan 10 per cent of the ‘Free World' population 
and only 8 per cent of its area, ic consumed more chan half of the world’s 
supply of petroleum, rubber, tron ore, manganese and sine. Of che 
hundred mineral materials used in American industry, die eounety 
whicb had oncc been regarded as whoUy self-eufident was finding only 
one-diird endrely at home; another chitd partly from home and panly 
from abroad; and the remaining third cnårely from abroad. lu the 
nature of new materials needed for atomia and electronics, rhat last 
fraedon becomes very mueh magnified. 

The major recommendadoo of che U.S. Commission wu: 

‘The over-all ohjecrive of a nadonal materials policy for the United 
States sbould be to ensure an adequate and dependahle Sow of 
materials at che lowesc cost oonsiitent with national security and with 
the welfrre of frieodly aadons.* 

How mueb more true b dus recommendadon of Britain vdiich Mr 
Aneurin Bevan oncc desezibed as ‘a lump of cool endrely surrounded by 
frsh‘? 50 per cent of Britain't food and, g*<-l»ding coah pracdcalJy all 
the raw maceriab of its industries, have to be imported'■‘at tbe lowest 
cost mnåttent with the wdfrre of frieadty natimi$‘. Or of keeptng 
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nadons frieiully by ensuring theii weUaie? 

Whit dK Paley Repon Ulustntes is duc the world is inescapably onc, 
IS as nw nuterials arc cooceraed, and dut no country, howerec 
big, cin now be sdfHufiicient. Even che United Sates which, in Mty 
yean, took moce minerab out of tbe American condnent than had been 
minjii from ihe endte earth s erust since Neolithic Man, muse look to 
tbe derelopment of the underdevdoped countiies for ihe maintenance 
of its standards of li ving. 
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The Tuture 

Tor Mtn (bete ii no rot ud no cadiag - H« mast go 
oo - cooqucft beyond corq o at. 11111 liak pka«. 
Eatth, in windi ud wayt ud åll ibe kw* of tnmd ud 
rh« t wn tw Mm Hm tbe pluco about faun. 
Aad ar lut ottt acroa iBimffiiky to the lan. And whcB 
he tuu cooqoered tU tbe deepi of ipace ud til ifae 
inyueria of dme - (dD be wifl be begmiuBg.* 

From tbe film teautio of TUtgv to Cmm 
by B. e. wiiLS 


I. SUUMIT CONFIIINCB, A.D. B06l 

Tlu time is «tentury ekteJ. The pleee Is Alerte «i the nartkem teesi ef 
lUmd, Ih the Atttlt. The Nutlecr Wm has not happened. The 
oaasion is the winter sesiion ef the World Assembly, m whieh delegotes from 
oU the regional federations art laking part. The Jetlowing is a despauh, date- 
lined li Mruery 2061. 

Premier Ebagoetok, of EQesmere Provmee, has reminded the dele¬ 
gates dut dsey are within 400 miles ai the NMth Fole. 

'You may ooe have nodced tbe North Pole itsdf,’ he said, ‘but tbac 
wu wbere yout retro-rockets started braking for die landing bete/ 

Recalling tbe quaint folk-lore ofa cenniry ago, he has pointed out ihat 
Alert was chen caUed ‘Sanu Claus's Home-cown’ because it soas tbe 
most norcherly inhalnted place on eartL ‘Inhabited’ was tben almost an 
exaggeradoQ because tbe population had emuisted of only eigbt 
wes^bennen. Tbey, bowever, bad not been the first setden. 
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‘Nowidays, when vn neithicr bouc not excuse out anceMry,’ said the 
Premier, *1 bentate to point out that my own pcople, the Eskimos, of 
the Thule and Donet cultures, had been hete and in adjoining Peary 
fanfl, iQ Gtcenland, centurics be£)ce tbem.’ 

As a matter of history (the Premier contmueK^ Robert Peary, i$o 
yeart ago, bad started fbt the North Pole on his sea-icejoueney. from the 
neighbowbood of Alert. And almott a century ago the first tO'the- 
MoofV4nd-back rocket expedition bad retumed here. (Ddegates would 
be able to visit the etater, for the axinual wreath*laying lervice.) 

The weather-ttation had ’put Alert on the map‘, but its world im¬ 
portance and its groweh as a cicy had really b^;un when Dumb-bell 
Bay bad been transfonned into an ioe>&ce lagoon for subourme 
freighters. 

*Dumt>beU Bay is now called "Rutherford Basin”,' the Premier 
fTfplaitu^ , 'after Lord Rutbetfeed, the Father of the Atom. The lume 
is approprsate because, of course, the submariiK ships are nudear-pro- 
pllffl and because it is kept unfrozen by the heat from Akrt’s nuclear 
rcactocs. Pcrsonally I pref« the Eskimo lume for the sce-foce basin - 
Aghi, which ineans “sål's brcathing-hole”, because just at a seal keeps a 
venålating through the tæ, we keep a “brcathing-hole” for the 
underwater foelghters, tankers and hnen. 

*As a respite from your labours. I would adviae you to take the ex- 
curnon, whids we have artanged, on the Trans-Polar Fciiy. You can 
make the round-nip to Siberia and back in a week-end. That nuy seem 
tlow going in these days of possenger-carrying rockets which bring 
New Zealand within an hour’s distance of Alert. But we Polar pcoplcs 
ate very proud of our under-aea icenery, and you will see why when 
the submarine floodlig^ pick out the undersea alps at you tail between 
dseir peaks. . . 

Dr Okoboyko, of the United Sbtes of Africa, this year's President of 
the World Assembly, congratulated Alert for the enterprise which had 
made it, at least for the duration ofche sessioiu, the Capital of the political 
world. Like Premier Ebagoctok, bc besitated to itrvoke the past of his 
people in an assembly concemed with the future of all peoples, but it 
pka»d him to remember diat tt was here, on the north coast of EUesmere 
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duc I Negro, Mm Hauon, had set out witfa Peary for the Pote. b those 
heroic days, wbo would have forcseen that the &osen Arctie would have 
hecome not only part of the habtcable World but rbar the Long N^ht of 
the Arcdc winter would be tumed ioto Peipetiial Day... ? 

The PresLdent’s reference b to the maiKmade ‘sunlight' in whi^ the 
delegates have arrived, and which ii visible all over the Northern Hetnis* 
phere. Rockcts have been fired into Space and, in the vacuum just 
beyond the earch’t acmospbere, sodium has been released. The eflect, 
on a celestial scale, u like that of the sodium lampe ^f^aich once illuminatcd 
the highways, becauie the ionuing radiations, passing through the sus* 
pended and hnely dispersed sodium gas, have filled the vacuum of the 
sky with a bright yellow light Thu tky>glow ligha up dse Arctic dark- 
neu more prosaically but as brigbdy as nature’s own pyroc^hnia, the 
Aurora Borealis. Nowhere in die wodd is dus lighting as efiécdvc as ic 
b here in the Arctic where the nhite snows tefiect b like bumished gold. 

The ionised liyer serves aiiMher purpose fer the Assembly. Thu man* 
made mitror io the sky refieco the tdevision waves and enabks the 
proceedingl to be secn all over the world, because apart from the 
‘scatter’ over the Nordiem Hembphere, the transmissions are relayed 
by MTnilar iky refiectots to the rest of the globe. 

What hat most unpressed die visting dclcgatei u Alen itself, a city of 
$0,000 people, where the tall apartment-blocks and the luxury hotds 
are able to bouse cbc tbousands of visicon - the del^tes and secretariat 
of the World Assembly - without difficulty. 

The town pUnning of Alert b typical of the layout of ocher Arctic 
riti« Whereas in Antarcdca the Continental Capital, Amundsen Qty, 
hat been constructed aidtcly underground, beneath the 10,000 feet ice- 
cap, the ddet have remained above ground, but with dieb 

i<\hah>fant« and tbeir acdvides immune from the dements, Thu, a 
century ago, would have heen regarded as a remarkable engmeering 
fraf, because of the problems of perma-frost It would have seemed im* 
praivirabU, the« , to Kave oonstructed a dty of tueb massive buddings, 
the heating of which would have melted the pemunendy frozen sub- 
soil and pcoduced queec efiéca in the frozen bed-rock. In the meantime, 
bowever, methods have been evolved by which efiéctive insuladon hat 
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cnsuted »ouncl foondaåoiu. and kai prevcnted the (ypc of aubsidence 
which, a cewiiiy ago. cotnpelled the movit^ of the town of Akiavik, 
at the mouth of dae Mackenzie River. 

Someone has called Alert the ‘Arctic Stonebenge'. like dut £»nous 
tecnple of the Druids on SalUbury Plain, >t is in the fbnn of a great ciicle. 
At du ctrcumference arc twenty-storey-high buddings which are apart- 
mwtft, hotels and oflices. They are Ukc Stonehenge's 'standing »oms’. 
monobthie and symmetrical in design and in hdght. The top scorcys of 
tbe buddings are linked by cnclosed bridges just as die ‘standing nones' 
were joined by laid botinontally od tbe verticals. From direcdy 
overhcad ooe gets the impieoion of a rim of a whed. Actually tkis 
eierated ‘rim’ pcovides a drculai runway on which verdcal^lifc aircraft 
descend. On landing they arc automsdcally lowcred iato their ‘garages’ 
in tbe interior of the 'rim'. Inside this drcular conidor, aoo fcetabove the 
grotmd, u a moving roadway which takes people &om om block of 
buddings to another. The buddings are also linked to eacb odier at 
various levels and ar« joined to the Qty Centre from which tbe corridor 
Street! radiale iikc tbe spokes of a wheel. 

Tbe Gty Centre is half a mile in diameter, endosed in i dorne which 
is as high as tfaat of St Pauls Cathedral. but rismg from the ground like a 
giant igloo. In prindple the doene is like an enormous vaeuum flask. Il 
cocisists of an inner and an outer shell, with an insulating tpace between. 
Since it is made of transparent plastic, unafléeted by heat or by cotd, the 
sky above is visible and tbe efl^, when there is no todium sunligbt, is 
like that of a giant planetarium. 

Inside this ^me, with its controUed 'dinute’, are the gardens, whete 
any plant can grow; the tports arenas; tbe ’open air’ theatre; the Ibot- 
baD stadium; the swimming baths; and the ice 4 »odcey rink. Here 
(although there are neighbourhood shopping centres in the buddings on 
the perimeter) ate tbe maiket and, dcad centre, the 'Pcarson Forum’ 
where the Assembly is being held and which, on this wocld occasion, 
has Just been named by tbe Presidenc as a tribute to tbe fint Carudian to 
win tbe Nobd Peacc Ptize. The City Centre is suflused tn artificUl sun* 
U^, not ja» from the sodiom sky glow but from discreet ultra-violet 
radiation wbicb gives the people of Alert that bealthy tan wbidi migbt 
have been acquired on a tropical beach. 
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Oa the outskira of Alert, and linked to it by an endoted conidor 
roadway, U the rocket-aiipott. Here rocket-linen, remote^oottoUed, 
can land with pin-point accuracy. Air ‘lana’, as constant as the li nes of 
kmgitude, have been bringiog in the delegates* rocket-liners oo sa£é 
Schedule. Autonutically, a radar ‘trigger*, operating at a height and 
distance electronically calgilated to the tocket speed, applics the rocket 
brakes, the retto-rockets acting in revene M the propelling motors. Thts 
man-proof system is guaranteed, without mishap, and in any weather 
condidoos, to land the rocket atrliner gently in the middle of the airport. 
Ihe base is ten miles from die City Centre but less than fbur minutes’ 
distance in tune. The roadway in an all-weather cortidor u ballroom-* 
smooth and the wheel*lest cars float over it on a cushion of air. The 
automatic motors whteh propel the can also compress the air whkh is 
ejected on the underside as jets, providing an air cushion oo which, with* 
out the friedon of wheels, vehicles can attain a speed of over 500 
an bour. 

The delegates who held their last World Aisembly at Hassi-Mcssaoud, 
which a century ago was die oil 'boom* town of the Sahara, and is now 
the adoiinistradve Capital of the North African region, take climadcally* 
immune ddes for granced. lodeed, today diere are many Canadians 
who have fbrgotten their northward esepanson and even the polideal 
ruedons which cotnpelled the removal of their Capital &om Ottawa to 
the shores of Baker Lake. There had been a threat of secession by the 
young provinces north of bo” ladeude, unless the Govemmesu would 
move nearer to the geographic centre of Canada. With the cconomic 
wealth involved in die former North-west Territorier and the Arctk 
Archipelago, this was a serioui threat whidl ptevailed, in spite of the 
opposidon of Old Canada and the Prairie Provinces. The District of 
Chescetfield had accordiogly been made a Dominion endave in the 
Keewadn Province which, with in Atomic Age minerals, had become 
one of the wealthiest regions of the world. 

The attempe to un&eeze Hudton Bay by tbenno-nuclcar energy bas 
also been conveniendy fbrgocten. This amhidous project, and expensive 
fkilure, was not merely an attempt to unlock the Bay from ics tce*ptisoa 
and to keep it open for shipping all the year round, but to modiiy the 
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/•limari> of tbe nortb and mul-wcst. The ‘modificatioo’ had eemporarily 
happeoed hut wid» seriom lesulo, not in Canada but in Europe. That 
was the occanoo wben d>e Wotld Meteorolo^cal OrganiaadoD bad 
bad CO apjdy sancdont: unleø die incetfereoce widi die European 
weadiec was stopped, tbe "V/M-O. chieateaed a ‘weatber blockade' • 
tbe ptedpitactoa of chc tain-bearing Paåfic clouds befete they reached 
Britisb Cobtmbia. 

$0 che Noeth had come to terms with its natural climace. Tbe old. 
fotbtdding ideas about tbe Froxen Notth had diuppeared and che so« 
‘Ftozen Froncici' bad been opened op as dramatically in tbe 
twentiedi century as die western ftoncicn bad been ptuhed back in che 
nineteenth century. Tbe ‘coTcxed wagons' of the northward migtadoo 
had been die 'flying box<an', tbe airoaft which could steeplediase over 
jmprtMiblg cerrain and accomplish in boms joumeys wbich, by land¬ 
trek, would have taJeen wecks and even months. Aircraf^ too, had 
revealed die prodigious wealch of miaecals bidden under fotests, takes. 
barrens and iee of tbe Canadian Shield. Oeologica] soouts in heUeopters 
had gone abead of the ground prospecton. 

Tbe wimung of luch wealih for che Acomic Age fincluding not only 
the foels, like uranium and thonutn, but metals indispcnsable to 
fimoa reactors as well) bad made atomic reacton economic even in the 
carly dayt. Here was wealdi buried in places remote ftom tbe roads and 
rail-heads of sur&ce transport - placa as isolated as islands tn the sca or 
oases in tbedeiert. Thut diere bad been aeated 'induscrial oases’ accessible 
only by air. The compooents of die reacton and die generators had been 
flown in fu the same way as on tbe DEW Line opendons [Distant 
Early Waming] whidi in tbe 1950's had strung radar-defénce stations 
across the Arcdc) men, matcrials and complete setdemena debouebed 
by aircraft. Tbese atomic stadons did not need condniious supply by 
ptpeltne or by rail which coal or oil instaUadons would have needed; 
ooce constructed and ’cridcal', the reactor-fuel could be replenished by 
air so in&equendy that the stadons were virtually sclf-sufl ici en t . With 
abundanc beat and power &om die atom. ores could be mined, milled 
and redned on che q>oc and redueed to bulk so small, yet ao valuable 


TBI VOTVtB 


»79 


that the output eould be håndled by aircnfL With abundant heat and 
power, communides could be created with all the amenitiaof die dties 
of the South. Mining camps were no longer just bunlt^KHues and mess* 
halls, poker games and itinerant minets, wotking dwr contracted shifts 
and heading south again. Tbey became towns and evcatually dties, 
where families grew up and went to school. uoaware of aoy 'bright 
lights' except those of tbeii nadve Dotth. 

One of the iroaies of the north was dut atomie energy was used to 
keep the ‘Frozen Noctb' frozen. The handicap to ait-movcment had 
been the freeze-up and the break-up. In the winter, aircraft. oo skis ot 
cren on wheels, coold land on the thick ke of the or sea, or the 
haid-bouod land snips; tn the summer diere were the abundant lakes 
and tivers where they could Und on poncoons. But in the in-betweens, 
dying was hampered imdl thcie was surplus energy enough to keep the 
air-fields froxen by refngeradon pipes, as had becn poaiibk with indoor 
ice-rinks. The same applied to toads. 

Behind the miners went the farmers - yes, the fimners - although in 
those days, a century ago, it had secmed impossible tbat aopt would 
growin suchan inhospitable dimate. The did not radically change 

but the plants did. By intensive selecdon. using atomie radiadon and 
Chemical mutagens to speed up plant variations and tnake possible in 
five yeais what would have taken fiity by convendonal botany, ihe 
plant-brecdcrs produced types of grain, rooMops and vegetables which 
could be adapted to the coadidons of the faithest notth. 

They created types whidi could escape the frosts and grow to 
macutity in the long days, but short seasoo, of the Arcdc and sub-Arede 
summer. They devised crops to suit the of dbe converted muskeg 
and condidoned into toil the tands of the glaciated pro>Cambrian Shield. 
They planted treet fiir north of what had been the limits of the dmber- 
Ibie. 

The frrst great agricultural advaoce had been up the alluvialvalleys of 
the liard and the Mackenzie to die vatt delta which was oow so produo* 
dve that it is called ‘the Arcdc Nile*. But, wherever townships grew, 
even in apparently hopeless pUces, crops fbHowed - though in tome 
places they resembled merely cottage gardens or intensive madeet- 
gardeniog. The ocher thing was the breeding of a type of Arcdc dairy> 
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cow u too^ as tbe ntoose as as ditnate was concemed, and as lavish 

as the Priesun in tenns of milk. 

One of dse visits whkb has been ananged for the ddegates to the 
World Asiembly coocened, as always, with the perennial {»roblem of 
a multiplying population, is to the great hsh-ranch of Kane Basin. This 
was not the fitst Ka*lann but it is now one of the most effici en t, tn tbe 
World. It was cmted by the nmple device of passiog ekctric cutientt 
aaois the Dorthem and southeni limits of the straics whiefa separate 
Ellesmeie from Grccnland and electrically fencxng-in the fith. Hae, 
there was sotne help from the cKange of climate which was becoming 
even a century ago when, in tbe 1950’t. the fish were alrcady 
moving up tbe west coast of Greenland. Tite tue of frrdlisen in the 
endosed Basin incrcased the phytoplankton and chus the zooplankton, 
and the fish muldplied. In aodi fishbg yidds ate even greater because 
the nuclear rcactors wlucb supply the power for the Kane Basin fish- 
factories have provided headng for the ftsh-nursciics and a further 
lempering of the cold sea. The halvest of the sea-fish in the Kane Basin 
is DOW as big as that of fresh-water fish from Great Bear Lake, the 
biggest inland foh-raneb in the world. 

Frobisher Bay, nowthe apital ofBaffin Province. was the Qrst of the 
domed odes of the Andc bccause it was the eattem hase of tbe defence 
system. It showed that the architects had tense enough to learn from the 
Eskimo. After all. the domed igloo had proved iiself a pretty efiécdve 
form of atchiteaure I 

Tbe importance of Alert dates from the opening up of the polar oil* 
and the mining of the great ooaJ deposits of Elletmere bland. The 
existence of the oil-Iields had been fint suspected from the aerial phoco* 
graphs taken by the Royal Canadian Air Force on their northem patrob 
and mapping suiveys siter the Second World War. ThoK showed on 
many of the polar islands, what looked tuspiciously like salt*domes. the 
enorenous surfree ‘bubbles’ of rock which often tndicaee tlse existence 
of od. But what use was oil locked up in the permanent ice of the 
Atctic? The ooming of the submarine tanken changed all thac: Meigben 
and the Ringnes blands were not more inaccesoble than the Persian Gulf 
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Tlieti. beneidi the gUcier-filled villeyi aod nmataks, tlwte peaks like 
knapped fliott, wat ditcovered a wealtb of metal ores on EUcsmere 
which turned Eureka, fkrther souxh, imo an industrial dty and Alert 
into a prosperoiø provinetal Capital. 400 miles from the Nortb Pole. 

Wtiting this the ttorm-proofed Windows of a nmeteentb- 

I steney apartment, I can look oorthwards towards die Pole over a soow- 
covered hnebrape, glineting Lite gold under tbe todium sky-glow and 
' thinuneringasthewindswhiptbemowcry$talstntowhatooce»unded 
M> menacing as ‘blizzard*. 

I am high above the whirling surfree mow which has buiied the 
conidor-roads, the ipokes of Alen't wheel, and 1 am looking into die 
glowing dorne of the City Centre at though U were a crysial baH 
I What I am teeing, in the aystal, however, is not the future but the 

past > the weathermen of a century ago, just dght of them making 
I unscen fricads by'ham* radio in awotid from which they were cut off; 

I and, deeper in the paic, Peary, ttruggling through a blizzard such as 

that oow f wirling down below and 00 which 1 look down with Olympic 
detachment. And I echo the words which the Ptesident uted at today*s 
opening of the World Assembly, on this, 1 $ February 2061: 

*Here in Alert we have pcoof that the Arcdc is part ofour habitable 
World, of that world which has become so small, in terms of time and 
I d iiT an<y . that we. in tropical Africa, are your near ncighboun. But U 

I u a world which has become so small that we muK efaezish its surface 
as we would a gården and treasure its resources as we would our 
housebold poisessions. Today we have lit a bcacon in the Arcdc night, 
the tordi of Man's achievements.* 

a. Tor Of THI woiio a.o. 1961 

This report on the Summit Confcrcnce of 2061 may read like a 
\ fiuitasybutitis]essofapredlctiontkattapro}ecdon.£verydiinginicu 

I scientifrcally and tedmologically féasible in the ligbt of muhcwendeth 
I century knowled^ and experience. The voyages of the Nmtihu and 
the Slédtr, the United States acomic submarines, have already made 
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tnøk un 3 er the ice completely pracdnUe. Plans &r nuclear-powered 
tanken and Ireighten were already on cbe drawing-boards 
in 1959, and ic^free poets Cseal's breathiag-hola*) are alteady an 
enginecting propoddon, using not nudcae heat but compressed air to 
ptevent che ice from foeming. The plans foe the dotned dty ofProbisber, 
in BafBn Ir»nd. ate alteady under way. H« econonuca of ‘packaged 
reacton ace aiready self-evident; settlements in the Arctic. including the 
radar stations and military bases, must have beat and power, but ir 
cocts 1 gallon of aviatson fiicl to fly in a gallons of crudeotl. Tbus the 
coinpaiative economia of nucleai and conventioiul fuels are dccided 
not by tbe relative owt of generadng elcctridty but by cose of trana- 
sporting the fueL The propoddon of an ‘industrtal oasis’ has alrcady 
been demonstrated by the El Dorado Mine, on Lakc Athabasca, whczc 
the uranium wai nvined, milled, and rchned and flown out, as casks of 
sodium iT BmtnAte , by ordiiury schedulcd airlines. 

Ihe of DEW line. the duin of radar stadoos aoou the 

Far North, did not so mueh unlodc the doon of tbe Aicdc as burst 
t hfm wide open. The impact has boen dramade. 

One day I flew with a team to King William’s Land, whete, udng as 
a pinpoint thccaitn beneath which were bodies firom SirJ^ Pranklin’s 
iU^ted expedidon of 1847. wc landed on a finnen bay. We cut through 
seven feet of ice to examine and test it for ttructure and stiesses. We sent 
a signal, guatanteeing the ice as safé for landing, to Edmonton. tix hours’ 
flying discuice away. Prescntly a dobemaster freight plane landed and 
&om irs nose dropped a tamp down whkh trundled tractors, buUdozen 
and sledge-tnscks. Simultaneously the belly of the aircrafi was opened 
and electric hoisd descended laden with whole pre&bricated buildings 
in flat seedons. Those were swung clear and more cargo including cook- 
house equipmoit were unloaded from tbe hold. Such an operadou. ftom 
toueb-down to takcKjff took only twenty-five minutei. In that dme, a 
whole construedon camp could be off>loaded on a polar Island where 
a Icw hours before the only inhabitants had been polar bears. 
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3 . rOLAB OU-P1BtD 

Afier another minioo in ^« 4 ucb I took part m the Arcbc, oor aitcralt 
lamled at sn bland base to refuel for oor rettun jouniey to tbe south. 
Tbe tununer break-up had set in and, &om then oa, heaivy airctaft would 
not be able to land. Onca, offidally, was thc last flight in oc out. 

On landing, the Captain pve an instructioQ that tbe fire extu^iisben 
wece to be tated. That meant shaking the carbon dioxide cylinders to 
make ture they were A not-too-bright mcmbcr of the ctew mi^- 
undeistood the instructions and ‘tested’ by pulling the master switch, 
^^ch u used wheo an aircraft b completely on fire. As a result the air> 
oafi and its engines were smothered in fire-^xdnguishii^ fbam. 

The prospects were grim. The of anothet aircrafi Corning in 

to reliere os were remote. The alternative was to disxnantle tbe engmes 
and rlfan them. And by tbat dme tbe gtound migbt be inuuitable for 
tako-off. 

Arctic fiyen are philoaophic - they have to be - and tbe crew and I 
tetumed to our hut while die mechanics tackled the engine. That night 
(and ‘ni^t’ was a relative term because it was the period of twcnty* 
four hours' dayhght) we were debadng who would eat whom fint - 
we or the polar 1 Then we heard the noise of a ^ane and we rushed 

out to find a Oakota drcling round, preparing to land 

By a curioiu ooinddence, the Idnd tbat was always happening to me 
in the Arctic, out of that plane steppcd four fiiends of mine. They were 
scåentists fiom the Dominion Gcological Surrey. For tbe same reason 
as concemed us, they were rushing to complete, befbre the brcak-up. 
the supply-stage of Operation Franklin. This was tbe 1955 geological 
survey, organbed like a military campaign, to rcconnoitre the polar 
nor^ of tbe mainland The aircrafi, which had to un- 

cxpcctedly arrived, was budding up sopply bases Ibr the su mm e r oper»- 
Qons. These were to be conducted by foot-slogging gcologists, sup- 
ported by b^copcen. Tbe belicopcen had abo been broughi in by 
freighc plane. 

miAap to otu plane cumed out to be a piece of good fortune £ot 
me because I was able tojoin Operation Franklin and to fly 00 sorties to 
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islamb whkh I had never boped to TUtt, includtng some which no one 
had ever visiced before. But it ako meant (hat I wat in at the beginning 
of a discovery which a fcw yeart later was to rock the Stock Exchangea 
- the diicovery of a great polar oil-fidd. 

The Royal Canadian Air Force oo cheir mibtary patrok had taken 
photomapi and had rccotded curious fonnadon* in the tcatter of ulands 
which liå West of EUesmere. From the cockpit of an aircraft, thote 
looked like volcaoic enten lurtounded by a ring of jagged peaks but 
when the geologkts in Otuwa saw the photograpb, they guessed that 
they were erodol sa]t<doines. Salt-dornes, in souchem U.S.A., Mexico 
and Penis, are idendfied wich oil. They dosely resemble volcanoes but 
che upthnut of lava is repiaeed by crystalline rock-salt. There is a central 
vent - B drcular ‘plug* of talt - cutdng veitically through the other 
stnta and locnetimei reaching the luHace, but in most cases the plug 
doa not show on the surface and is overlaid by sedimentary rocks. 
These, in tutn, beootne wom down into ragged peaks acound the central 
'bubble*. The innet formation is tike an inverted bowl. Inside, if it is a 
conttnuing oiJ-tource, there will be natura! gas uninediatdy under the 
dorne; then oil-bearing rocks (porous formations capable of holding 
oiQ; thai wata. md finally non-porous base. The oil thui trapped is 
unable, as in other condidons, to escape and vapocue on the surface. 

Long befbee they knew about lalt-domea, oU-mai knew tbat when 
an oil-wcD exhausts itsdf they got a fiow of brine. This supports the 
behef that oil began in the primeval seas. Millions of yean ago, nature 
began to prepare putnp-stadons for twendeth-century can. During the 
long periods of the Palaeozi^ Mexozok and Cenozoic aga, the seas 
teemed with animal life. From dme to time the eatdi's erust would 
shift; great pisins would lower, and the oceans would roU over them; 
or the sea-bed would Uft and become plains &om whicb the water 
receded. During the tune of submergesKC, layer altet layer of mud, 
sand and Htne-carrying plant and animal renuins were deposited - 
somednus mila thick. Buried fitr underground, the organic matter 
which bad once been sea-life was subjected eo enormous heat and 
pressure - a gigandc geological autoclave which, in the alchemy of 
nature, converted dte organic matter into mmeral oU. So dse rock salt 
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of the ‘plag’ and the gypium which fonui the ‘tent’ of the dorne wcie, 
like the oil itself. all part of the early sea-bed. 

On Operadon Franklin tbey knew, pretty shrewdly. befor« they 
started, the »ort of thing for which diey were looking. At least eleven 
such dornes had been idendfi e d on Mei^ien. EUef Ringnes, Amund 
Ringaes, Axel Haberg, and Melvilie Islands. Subaequent gtouad surveys 
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(which stopped short of driUtn^ coafirmed thdr suspidons. These were 
true salt>domes and they were assodated with abundant petroliferous 
or bitummous rocks and with reservoir beds with impermeable caps 
all signs thax oU had been effeedvely trapped. 

As we pored over znaps and tpeculadvely plotted the possible con« 
hguradons of the oil-bearing regions, a pteture emerged whkh is prol^ 
ably more substantial than mere låntasy. It would fit in widt the modem 
theory of che ‘wandering pole’ (disemsed on p. ii$) and with the re> 
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fiubuhed Wegeoer T^ry of C<mtineattl Drift 114) ■ Seat, teeming 
wich du of organic life oeeded (br oU^making, ^rould have u> have 

becB wann teat but if du land'CorfKe had'crept'and moved from neat- 
aojNCal Uticudes, that would be uadcntaadable. If we accept, too, tbe 
thMry of Continental Drift, with dm gteat ra& of the Amencas sorgiog 
wesewardt, the pictxire becomes exdtmg. 

Hie Rodoei. the Siems and die Andes become the ‘bow>wave’. 
thrust up by the movement. Pressing behind ebem ia die soHd land>mais 
of the hatd-rock Pre-Cambrian Shiéld and the Innutiao Mountains (of 
Gtetnland Ellesmere) and, iqoeezed ia between, is the sea with its 
bed bdng focced upwards and its watec being shed. If you look at the 
snap, as we did, with tbose asumptions in mind, you can see the con- 
figuratsoos of the oil>bcaiing regioD, sttetching from the north of EOes- 
mere, through du oiI*dome ulands; down the Mackenzic to the oil* 
fi»M of Nonnan WeQi (a féw South of the Arctic Cirde); down 
throu^ the oil*lands of Athabasca and Alberte; down through Okle* 
homa and Texas and the Mexican Gulf. A plausible ptourel 

The fi rt/Iin g« of Operaden Franklin did not *hu the headlines’ for 
^nnthif four ytats. The first reports were discreet, not because tbe 
experts had mueb doubt of die existence of oil (although driQings weie 
stil] needed to confirm die nature and extent) but because the Caiudians 
were canny. As long as tbose islands were remote wastes, nobody had 
given mueh thought to them. It had been taddy ossumed that, with 
deférence to Danish Greenland and its territorial waters, the lines of 
).>n gi riidf extending from tbe cooctnenial limits of Canada to the North 
Pole made all ulands in the sector Canadian. But the *sector prindple' 
has nevet been regarded as sound intenmional law. (If it was, Britatn 
would have m tecogniie tbe ri^us of Argentina and Chile to the Ant- 
arctic Islands, the Falklands and South Shctlandt.) So sovereignty had 
(0 be estabbshed by right of oecopation and tbe Cansdiant proce e d e d to 
ta k? the necessary step of fw«nning the istands. 


4 . rOlAX SUBMAKIKBS 

The otber reasmi wby Operation Franklin and ils oil!*finds were not 
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beavily caovassed at fint was the &:t dtat the oU was mainly on istands 

perpetuaItyk)cke(linthekc.TbereseeinaitobeBO sads&c^wayof 

geoing it out to the southem markets. AU diis was chaaged wben the 
Nautilus and the SJutf navigated the Polar Basm under du Ut. They 
demOQStrated the potnbility of submarine tanken and fteighten and 
(why not?) Enen. From die designen’ standpoint, the idea of such 
submarine ships was attracdve. bccauie they had to contoid witfa only 
one element, water. There were none of die problems of wind> 
resUcance and waves whkh have cormented ihips and thetr passengen 
since the &rst &ail craft ventured on the bosom of the » xya n The 
designen c»uld 'dunk big* ia terms of 100,000 tons ifneed be and, with 
atomic-power and swordhsh design-lines, of speeds higber rh»n thote 
attainable on the susface. 

The atomic-powered submarines, of coune, coold go on cireum- 
navigating die globe below the sur&ce for indefinite periods, but that 
was no special recommendadon when it was a quesdon of carrying 
fcei^c. They woold have to turlaee sometiine to load and unload but, 
in the Arcdc, they would be roo&d in hy ice. 

The muskracs and the »eals had solved dut problem ^es before. 
When the ice began to lonn. they eboose a given tpot and kcep a 
breathing bole open by timply breaking and melting ^ ice regulvly 
at it forms. Sealt wiQ maintain an aglu, or breaching-hole, through seven 
iéet of ice. (Thb the Eskimos know, and they watch the snow on the 
suriaee of the sea-ice heaving as the teals come up to breatbe; thus they 
can harpooo the hapless animals.) Ice-&ee lagoons could be creaicd and 
maintained • in the fint place, by using compressed air and later, when 
the development of the oil (or ocher mineial) settlements justified them, 
by the beat &om nuclear reaoon. 

The cotoddence of the two &cton - die recognidoo ofthe tignificance 
of Operauoo Franklin and realisdc plasu for atomic submarines and 
harboutage - fluttered the markets in the ^ring of ip)9. 

(Por die record: out alrcrafi was 'de-exdnguuhed' and boch it and the 
Franklin pUnes made their gee-away before the duw could prevent 
them.) 
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5. rilBZINC THI AKCTIC 

Juit u important as d>e pbysical tnuufonoation of the Arctic lanct- 
scape by wdi derelopmeus was (be pcydwiopcal efiea on the hundredi 
ofnewcomen to the Arctic They diicovercd their owa miiconceptions 
of the Arctic Of coune, tbete are falizzards, and anyone who fbob 
atound in a blisard is a sV»"g for trouble. But these blizzards are like 
the 'tand devUs’ ^the desert; diey are rarely movmomu coming out 
of the sky but ate ground siow, ftosted into crystals, being whipped by 
the winds. Indeed, in many of the areas 1 have Ttsited in the Arctic the 
predpitation u less than in parts of the Sahara Desert. Tbete are ‘arid 
zooes* in the Frozen Nordi wiih less than feur inches of rainfåll- 
e^uivalenc(in the ferm of snow) but, ofcourse, feur inches ofrain meam 
fecty inches of tnow. The snow, during the winter, does not mclt but 
can be airbotne as blizzards by the winds. 

At a lonely weacher^tion I an American weathernun why be 

had Bgned od fer a third toar of duty in the Arctic He said tbat the 
atiraction fer him wu cobur pbotographyl Colour phocography in 
the ArcticI In popular unaginarioo k is just unreliered whice, but, as 
people like the weathennea discover, the Arctic is rkh in colour. In the 
Arctic oight, lasting six months, thcre is not just a black^t: diere is the 
ntoon reflected by the whice biilliance of the snow. Tbere are the 'neon- 
dogs', the paraselenac (The real moon is lurrounded by luminous rings 
due to iee crystals in die aemospbere and in tbese rings appear mock- 
moODS, repeating the original aooss the sky.) But even when thcre is 
00 mooB the sky glow in the clear atmosphere makes the nigbt visible 
lo addition there are the pyrotedmio of the Northern Lights, dauniing 
their fåntastic coloured draperia in a ddeor which ao producer could 
ever imttate. In the summer there are the parhelia, Uk mock-nins. These 
‘sun-dogs’ muldply the imsga of the sun in the sky as thr parascJcDM 
do the mooo. When the snow leavo the Arctic Islands, as it doa in the 
summer cxcept IR ihelcered canyoru or on the ice-plateau, the landscape 
bccoma alive with colour. There are Arctie poppies, red saxifrage, 
purpie Arctic willow and the innumcrable coloured mossa and lidsens. 
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The Arctic flowen aie aS brigfady hued - red, blue. orange and whitc. 
The fidet ofthe bilis tn the Aratc summer areofcencompletely covered 
widi saaifrage. Thete are butterflies in the Arctic. and and 

tiny black qjiders and bcetles. There are aoo kinds ofbirds, the 

snow owl and ebe gyrfalcoo. one ofthe world’s most beautifol birds. 

'Colours!' said the weathermea, enthusiasticaUy. ‘Colours so beauti- 
fiil that the colour films can’t do justice to tlum They are very, very, 
very beautiful.’ And that from a man who had told me that wlut had 
brought him to die Arctic was the 'hardship’ pay, which he eould not 
spend and which vm to buy hint a car or a boiise at the end of a year's 
tour of duty. He stayed fi>r three yean. 

On my visit to Alert, 400 miles from the Pole, I walked round in a 
light pullover and a pair of flannel trousen and became sunbumt. On 
the shores of Bay Baffin Esbmo men and women go around 
naked to die waisc, basking in the summer sun lilce the ofthe 

tropics. At the mouth of the Mackenae River where it runs into the 
Polar Sea, oae can go surf-badung, with the atmospheric temperature at 
over 80*. 

It took the White Man a long time to leam whit the Eskimo had 
known fi>r hundreds of years - dut the best dme to travel m die Arctic 
is in the winter when the rivers, the lakes and the lea are frozen and you 
could, if you wanted to, sledge unintemiptedly fiom the Hudson Bay 
to the North Pole. TIk dmes of inooovenience are the 6eexe>up and 
the break-up when the broken and meldng ice makes travel, or air 
landings, difBcult. ifnot impossble. Hestce t^ suggesnoo that one way 
of using surplus nuclear power would he to keep the airstript and 
roads condnuoosly frozen, by refrigerating them as one would do an 
ice-tink. 


6 . CtOPS rot THI AtCTlC 

At the beginning of the twaidetfa century, the provinces ofSaskat* 

chewan and Alberta were elassified on the chaits as uttsuicable fisr grains. 

The clinute was too dry. Today, of couise, those provinces are rich in 
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wheit-growing tenitories. And certamly then no land oorth of $s* 
Uticode would bave been oniidered Hkdy gnin-growing land. The 
dinuce has noc changed in the meandme. What has happesed ts tbat the 
has been flouted by the plant-bceeden who have bred ttiains of 
gram lOu T KarrKg f aod Sauodefs wbeat and extended the £rontiets of 
grain-gtowing westwards and notthwards. 

SimUarly • and agab this is not a prediction but a ptojection of work 
wfasch I have seen gobg od - agriculnire will be extended well isorth of 
the Arcåc Qrde. For instance, b Alaska, the 49th State of the United 
States of America, nearly 900 famihea have ‘bomestaded' on a basis of 
coRunerdal agriculture, although most of them have fanned on a part- 
time Over 300 &rfns opeiate m the Matanuska Valley, jtist north 
of Anthoage. Even &rther north. around Fairbanks, oear the d5th 
pinll fl , there are about 60 farou. Most Alaskaa farms market vegetables 
and potatoes but othen have developcd dairy fiaroung and grab- 
growing. A successlul dairy &nner m Alaska can net abotit $4,85^ > 
year, a potato farmer about $3,500 a year and a poultry farmer about 
l4.ooa It is true that most of Alaska by modem defmition is ‘sul>- 
Arcbc’ and inside the timberiioe aop-production is mainly on sub- 
Arctic brown forest toils whåch need artiEdal fcrtilisen for proper culti- 
varion and imported fertiHsets are expensive. The tundra soib of Alaska, 
iifi/Urlttin hy perma&ost at ihallow depth, can support surprisingly 
thxiviag gardens vriim the inrfiace layen thaw out. 

In Canada daere il the Mackenzie River Basb, the northem extemion 
of the Great Central Plab of North America. There are three mam 
regiom: the Mackenrie LowUnds, the Pie<<lambrun Shteld to the eait, 
and the Mackenzie Mouncaim to the West. Three fatures dominate it: 
the Mackenzie River, Grete Slave Lake and Grat Bear lake. There are 
myriads of lak« and extenshre muskeg swamps vdiich result &om 
the poor natural drabage of the pennaoently &ozcn subtoils. Hie soU 
surveys of the r^on have not been exhausove but, for a start, one can 
assume a million good aaa ofsoil m the valleys of dse Mackenzie and 
Liard and b the region &om Fort Smith to Great Slave. The fettilicy of 
the soil b good and the applkarion of fertiluers can get cropi off to a 
quick start, to take advantage of nimmer dayli^c and of summer 
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tempentures of u high at 97* at Fort Simpson oc 93* tt Aklavik, ncar 
cbe mouth of du M a c ke n n e . The million acre figure Ibr the Mackenzie 
r^on could be chaaged conitderab}7 tf tbere wat conåtteac ««‘»yl<»rn..nf 
and proper forest management. Tlie combination of contervtooo and 
clearance would improve du ‘air-drainage’ as well as the laxtd drainage. 

In the early days of Peace River, to the touth. the secdets regularly 
losc duir crops throagh frost until it began to lodt as thot^h the region 
was too frr north for agticulmre. But as letdement progiessed axsd the 
forests were intelligendy deared, the ‘air-drainage’ was such that the 
frxHt hasards were redisced and. u a resolt, the land-drainage improved. 
Today Peace River, with 16,000,000 acres of coldvable land, has become 
an agriculcural, grain-growing region. The recovery of musk^ swampt 
is comprehensible when ooe rememben dut vegetatioa is an intolator. 
It prevents the lun’s heat from penetrating and duwing out the froten 
subsoU so dut it remaini rock-hard and impenneable to drainage. But 
once the black soil u exposed it absorbs beat and, progressivcly yeai by 
year, cbe heat pesutrates deepcr into du permafrost and the ‘boctom 
laOs out of du muskeg’. 

(One sbould remind oneself duc white snow reflects heat and dut 
vegecadon aco as an buulator, whereas black toti. or any blackness, 
absorbs heat. 

This ptindple was put toco speoacolar applicadon by the in 

1939 when, in the snow-capped Kilicn Mountains of Noith-westem 
China, thcir scåendsts, with organbed labour, began to melt du faders. 
The mediod was to spread coal dutt or bunud grass oc wood and odur 
dark-coloured matetials on du ice of the gladers to inoease the absorp¬ 
tion of the sun'i beat. By dut process u wat hoped, in the summer 
months, to tnelt about seven square miles ofglaciers co provide enough 
water to irrigate 50,000 acres of frrm land.) 

When I told people dut I had teen delphinioins cbes^high growing a 
féw mil« from du Arcdc Qrde, chey just did not believe me imtU I 
produced cerdfied colouted pbotographs to prove it. Thb rematkable 
growth b due to the cwenty-four honn of daylighl. The excessive radon 
of sunligbt, however, does not always encourage du hest results. 
Tomatoes, fer example. xued about seven and a half houis ‘sleep* and 
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crops Have to be adapted to the connnuoos li^tt 

At the Domifuoo Agricultural Research Station at For Simpson I 
have seen czperimental crops of sock a variety that a Hst of them reads 
like a teed>nierchiot’s catalogue; tprieg whear, barley, oais, Indien eora, 
potacoo. clover, timothy grais, asparagua, rfaubarb, bush beans, 
bfoad beans. {>ole beans, beets, broccoli, Bnusels sprouts, cabbage, 
carrots, ouliflower, cekry, chard, cucombert, lemsce, indons. pannips, 
peas, spinach, raspbetncs, cunants, and scrawberries. And the flowers: 
coctage piaks, ccdumbine. daisiet, svrcet-wiUiam, peooies, dclphiniunu, 
lupins, poppies, lobelias, sweet alyisum, petunias, pansies, marigolds, 
snapdragon, asters, cornflowers, darkia, sweet peas. nasnirtiujns, phlox, 
stock and ‘Youds-and^ld-Age’. 

7. TAILOa-HADI TtANTS 

It is DOt merdy a om of finding existing varieries which are suitable 
for, or can be acconunodated to, Arctk condmons. It is possible by 
modem metbods to create spedal varieties wfakb will meet the precise 
cooditiont which are to be tolcrated. 

This 'tailoiing' of plantt can be achieved by radiations, by using the 
by>products of atomic esergy, by X-cays, or by tzeating the seeds in 
atonic reacton. Another method is to usc chemical ‘mutagens’. The 
botaaical sciencito ktsow the varieda for which (hey are looldng and 
can spell out the spedficadoos, sdskh they could secure by nonnal 
selecdon metbods and culdvadoa. thougbit migbttakeanytfaingupto 
fifty yean to get the predse qualities which they desire. The new 
mcthods ptovi^ drasde dtort^ts. 

The donands are »»a/ring For instance, at Akiavik at the mouth of 
die Mackenzie River, near the Arcdc Sea, the average &ost-Iiee petiod 
is 66 days. Thatcher attd Saimders wheats, the succeadul variedes of tbe 
Prairic Provinces, cake 94 »d pt days to ripen and, in tbe beat year, 75 
days. So iTdsete are to be grain crops tn die Atcdc, the period of maniring 
will have to be cut - because they ate not looldng for bott-rtsiaing 
strains but merely bott-Aetiing strains. What are needed, therefore, are 
aops of all kinds which will be ‘gluttons* for sunlight, since they have 
to put up with tbe twenty-four bours daylight of tbe Årede summer; 




TBB rUTUBl 


293 


£rou-cheating, kigh*ykldingand, ofcoutse, pfgood ^oality.By tnodetn 
methods, eltber ndiadve or chemiol, h is possible to cut tbe sdecdoQ 
wd breeding tiine of such vaheties from 50 to 5 yem. 

The great pocsibiliciet of extcndiog graia produedoQ inta Arcdc 
regions were emphasised by Profiasor A. Gustafrson of Sweden at tbe 
Intemadonal Coofcrence on dte Peaceful Uses of Aiomic Energy. He 
poinced out tbat most agricultural spedes, evea higb-bred o««»« Uke 
wheac and barley and maize, are still ‘ratber old<dasbioned'. 

'Our crops are out^-date,' be aaid. 'Barley b rery mueh wbat it was 
500^ years ago. Now we can giae che barley sonu of tbe qualiiies of 
tbe wbeat and wheat tome of tbe advantages of tbe barley, We can give 


tbe oereal tbe spedal cbaractert wbicb agriculture reqixirca - ttilfrt ttraw. 
earliness, protein or oil content, baking quaHty. filKe-suaigth, grain* 
size or malting properties.' By atomic radiation tbe scientut can remake 
ebromosomes of a plant and ‘modemise’ in 

(Cbfomosonut are tbe portmanteaux in wbicb nature packages tbe 
genes, tbe bereditary charicteristics wbicb are passed on from one 
generation to tbe next. Radiadon can rearrange tbe packages.) 

Radiadon, however, is a blundeibuss method. It caiuot give pre- 
dsion. Hundreds of seeds have to be irradiated witb dificiing doses of 
radiadon and most of tbem will be oompletely useless and tbe rest, 
and dtne again. may not indiate tbe kind o£ quabties that are required. 
It meaiu selecting tbe radiated seeds and irying to bnd from tbem tbe 
peculiar qualities for wbicb one is looking. This is a laborious business, 
but in this way plant-breedets can do in a frw yeart wbat nature requiies 
aeons of dme to do and, in dealing witb plints, tbey do not have to 
woery about barmfril heredhary cbanges wbicb would bring deformity 
or death co human beiegs and animab. Por every besie£dal change likely 
witb radiadon dure are on tbe average 500 bad ooes but tbe plant 
breedet bas no compunedon about geoing tid of tbe mutations wbicb 
be does not want 


Professor Gustafrsoo lacer found wbat he regarded as a more predse 
and useful method. In place oC or in addidon to, radiadon, be used tbe 
Chemical, etbyleae imine. Tbis Chemical imitata tbe genedc effeets of 
atomic radiadon by actacking DNA (deoiyribonudeic acid). DNA is 
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the bane Chemical oflife and Bptqcnt in tbe gene*. Whatwatparticu- 
Urly encouraging abou t thi* wofk with ethykne imine was tbe evideocc 
it gare in luppon of bebef tbat tbe dme ii not bx off when U vHll be 
poaiible to tepataee chiomosome rearnuigements gene* changes 
&om ooe anodier. From the knowlc^e experimentally gatned it sbould 
be posnble to direct die mutatum proces to produce by deliberate 
dengn the very kind of change* tn planes whick were wanted. For 
exam| 4 e, tbe Swedidi workert were able to produce by iiradiation a 
type of barley wbkb came to maturity three weeks earlier than the 
mother ttrain. Ihii would be within the dme limit of the &o«t*£ree 
periods in tbe Aicdc Similatly, by luch methods i t it postbk to devdop 
cropi for low rainftU r^om, and for di&olt and tparte toil. 

Tbere seems to be no question thae it will be posdble in the vety 
near future to etetend crop growing futber north than the present 
chmatk bmitt of agriculcute. Tbe quetdoo tben U wbether U is worth 
wbile. If we look at it tn tbe large, of coursc, tbere are tbe wocld's needs, 
but in recent years tbe piling up of grain stocks in the silos of the western 
hemi^here has done little to cncourage tbe exteiuion of aaeage* of 
growing by faimer*. Tbit is a erideism of our wholc method of dis¬ 
tribution of feod, tieoe the grain in the silo* does not get to the hungry 
bellis of otbec parts of tbe wotld; in a wortd of wisdom the openiog 
up of tbe Arcdc to grain produedon migbt be a very sensible meaiure. 

Sbort of tbat, bowever, if tbe Arcdc tt to devdop as a system of 
industrial oases, s has been suggested, tben the need for crops suUable 
fer tbe tettlen is obviout. Thit does not necessarily imply tbe growing of 
grain for export Tbe arguments of distance apply bere. But it does mean 
the devekpment of market-gardeoing crops and feeding itufi for the 
animalt whicb would provide &esb milk, etc. Tbis ^ain seetns to be 
entirely pracdcaL 


8. raOPCB TAKB KOOT 

Quice apart from tbe debate at to wbether tbere sbouldbehroad-acre 
ferming (cereals) or truck-ferming (vegetables) tbe extensioo of bord- 
cultnre as well as agriculture into die Arcdc is sodally important. In the 
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experience of che Nordi« peoplc «ho pUnt roocs growroon tbenueHres - 
dut is, diey bcooise scttlctt. One >ees, ovet xnd over tgiin, howcs wich 
gardens which have become 1101116'. This has beeo bonie out by che 
experience of Utanium Gry, che »te oaLake Athabasca of tbe ElA^do 
Mine. There the minen were weD paid and tbey u tniner'i campt 
go, excellent amenities. Tbey contracted for a year, or 300 »bift« of work. 
If tbey carcd to work extra stub tbey could complete their contraa in 
less than a year. Tbis contract labour made the mininglabour migratory 
and the tumover was at fim very high. 

But dut gtadually changcd as iiving condidoas improvcd. Mairkd 
men began to bring in their Tbey were encouragcd to build 

their own homes in Uranium City away fix>m die mining nte so tbat 
tbey might beoomc part of a wider community. Gtadually more and 
more of the minen settled their ftmilies at Uranium Gty - instead of 
supporting them in homes in the south. Two thingt belped to make 
them setde. One was the developtnent of •cho<ds (oocc their chiJdren 
got esublished in school, the fathert thought twicc about leaving) and 
tbey aUo began to make gardeu out of t^ inbospitable soiJ, buiiding 
them in terraces of rock and nuning them into growth. The latter was 
almoM decisive. Tbe 'bouse' had becomc a 'home'. 

9. THI Aftcric IS WABKBB 

One ofmy assignments in the north was from the Food and AgricuV* 
ture Organisatioa and it was to coosider die efiécts of the gradual wann- 
iog up of the nortbem hemispbere. Scienrific observations« which are 
still going on, confinned what was maniftst fiom many aourca of 
cvidenoe > that che temperature is measurably rising and dut changes 
are taking place. This is conspicuous in the tnovemeat north of che 
fishing grounds. In the pasc thitry ycars, a noticeablc ehange has occurred. 
In the ipao's, che catcb of cod oS Greenland had been less dun 330 toos 
a year, but by 1951 it had risen to 169.000 tons. The cod had pushed fir 
up che Davit Scraic into Ba£n Bay. (Now the sea conditions are so 
fivourablc that tbe cod propagates in Green Und waters, witbout 
migraiing. as prevtously, to che Icelandie spawning grounds.) In thirty 
years the avera^ air temperature in tbe winter at Spitzbergen and in 
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Grec&laiui has rises by about IQ* cestigracie, whik the temperatuK of 
the sea has iscrtased by about 3* ccsngradc. At the same tune the 
^ thii-lfwxt, SS was shows by the Nouiihis onits 
croes-poiar joumey, and its front ta the ocean has retreated frrther 
nocth. By common consent of all the Arcåe 'old hånds', dus warming 
up has beeo significant boch in the condnenta! nocth and tn the Arcdc 
idaads, and modem sciesttific mcasurctnents indtcate the same diing. 

Tbus aew frctocs cosne into aoy friture appraisal of the nocth, 

not implying, of couise, dtat vre shall presendy have an Arcdc Mediter- 
ranean or Flocida bat a sufiictendy changed m nuke apprectable 
difference. It may be a short cycle but indications are that it is the up- 
curve of a loog cyde, revening probably to the condidons of t,ooo 
ycars ago when Eric the Red's Greenland may have been really 'green 
land' in parts. One of the factors wfaieh has, perfaaps, contributed to the 
warming op of the northcm hemisphete is the incrcase of carbon in the 
atmosplme as a result of the industrialisation of the continents of 
Europe and Amerka. This has provided a carbon blanket whidi, with 
the carbon from the growth etscounged in the sea by the 

i-hanging has iccelerited the rise in temperature. 

The warming op may afiéct, among other dsings, the nature of the 
timhef hndt ud t qucsdoD has bcen put to me to whkh I have stU! no 
adeguate answer: 'WiQ the die-back of cenain timben in the south be 
compensated by a nordiem extesskm of the ireedine in the north?* 
Tbat may happen gradoaBy and naturally, bucadicectchaHengeånow 
offered by dse Danes udio are breeding, in Denmatk, trees tbat can bc. 
adapted to the coadidoiu of Grcenland. (Mueh hat been, and can be, 
done to re-offoresr the deserts of the troptcal r^ons by borrowing aod 
adapatis^ non-indigenous tcees ■* tcecs from ochet parts of die wortd - 
and k migbt similarly be féastble to do so in the frigid deserts of the 
north.) 

One of the problems which must never be ursderesåmated in tbc 
development of the north is the point, aheady made. that in many parts 
arid candidoos exist even in regjom where snow mighe give the im- 
pression of abundant predpitadon. Professor Hugh M. Raup of Harvard 
Universiry has soggested that the frost and short growing season in most 
of the Arcdc and sub-Arede are not as signifreant as the shortage ofwater. 
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10. THI tlAi MAN AND THB WBITB MAN 

Without quction, bowcv«. the Northern Fronticr wUI be openea 
up. Change* wiU take pUee in ucas which we now cooåder empty and 
inhospitable. For example, ih« Canadian North u peopled by le« than 
30,000 humani, ofwhom 10,000 or thereabouo are One rhinp 

dat»inanife*t(atJeast. tome) il that the E»lcimoicanbeaverybig&^ 

m the dcvdopmcBt of ihcTar North. Aftet all, they have bcen ihere 
for over 4.000 ycan. They know more about du condtrions of theit 
own country than any White Man ever can leam. They are a highly 
intelligent people and. as. has beea rdteratcd. mechanically 
ladeed, this book opcned with the question, ‘How many oil-drums. 
bo«?* And it would scan as though this race, with its latent ability, has 
bcen waiting all thesc millcnnu just for oil drums, waitbg for materials 
on whidk they could cxerdse their skilis. The dcvelopment of Ae Arctic 
and Ae sub-Arctk must bc a genuine partnership betwe«n JCabloctu 
(the White Man) and Ltmii (the Real Man. as the Eskimo caQs himsclf). 
The North, dien. is a challenge and an opportuniiy. 

II. THB OESeitTS COMB BACK TO LIFB 

An intemadonal party, invited by the Is^lis 10 the opening of the 
Boenheba Desert Research Stadon, ^onsored by Unesco as part of its 
Arid Zone Programme, had a salutary oqurience. Out hosts by-paased 
Ae laboratories and took us instead to the robed city of Obde. deep m 
the Negev Desert. Therc, ftom a hili honcycombed wiA dwellbg aves 
and catacombs and crowned by Ae brokén pillars of public buildings, 
we could see Ae story of desert agriculture as Ae Nabaceans and the 
Byranrincs had written it m the landscape, a story smudged hy Tune but 
stUl legible to eutored eyes. 

The dtvenion was deliberatc. In a country where every ^adeful of 
soil is a ^oonful ofhistoty and potsherds are as commonplace u pebbles, 
Aey a^ue Aat experience is a subsdeute Ar experiment. Bmpirically, 
by crial and error, the ancieats, m Ae coutse of centuries, m ad e Ari r 
mistaka and remedied tbem (or fsiled to do «o) and arrived at mfAods 
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of 3 esen culdvuloa ard cooaemåoa whicb have a rekvance today. 
Medunkal shoveb, boOdozen, tncton and duc-plougbs can do in 
minutes wbat once took montitt. Sted and coacrete can repcoduce (heic 
<bn« of masoned ttooework. Gdignite and pneunudc drills can boUow 
mounnini ts which dtey ooce thcir marvcllous rock-dstenu. 

laboratory tests can tdl in a (éw houn &ct$ about tfae nature of the soti 
whicb ibey leamed by gcneraooos of observation. Sciency and tedi- 
tkology can oveteome tbe handicaps and limitations wbich tesciicted 
them in theit ttruggle wich titett eavironment But we must know what 
H^«ieaWf»n w»»Ty»ndwhftKerwi«dflmdidnot nukc 
tbem pause be£xe diey made mistakes wbich we can repeat today. 

(Por cxample. in du Negev, dure wat a plateau erusted widi desert 
'pavement' betieatfa whicb were depchs of loesa, wind>blown dust, 
whidw pven water and careful hmbandry, can become ntefol soiL Hu 
desert pavement bad acted as a hd and preserved tt Then when, a £tw 
yean ago. Israel was de^wrate fer grain, an army of setxien from du 
north moved in with columns of tracton and piou^, broke tlu pave- 
ment, sowed barley and by dry-ferming reaped a tkh harvest - fer ooe 
seasonl Tben tbe winds otne' and du dry loess began to drift and build 
up into ■ system of moving dunes. The tmpetuoniy wbkh had ignored 
du wamit^ of soiheoasavationito meant laboriout ycan of ro-6xing 
du dunet and peepating the plateau fer tbe Corning of tbe irtigation 
watets whidi would make cultivadcio safe.) 

$0 du Israelit send out their aichaeologists ahead of du sdentists, not 
Just CO ttudy arcfaitectttral nnns but botany and classical ferm- 

systems and to reconitruct dum as ‘hving museums', as Professor 
Michael Evenari. of du Hebrew Univemey, has done at Obde. The 
results ate impressive in theic significance fer desest recovery, iMt only 
in tbe Negev bot throughout the detens of tbe Middle Bast and, by 
stimulactng ideas, in du deserts of odur parti of du world. 

Archaeological bocanists hive learocd no< only what plants were 
ecoaomicaQy uteful to the Anckna bur have also been able to work out, 
from duir plant studies, a rdiable index of tbe dimstic conditioru which 
existed at varienu periods. (For wtam plg, they can teQ that tbe ratniaU of 
Obde, 1,000 years ago. was not appredably diiferent - plus a few milli- 
nutrei - ftom whatit b today. Thut dieir aadent systems ofootiseiva- 
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don were coping widk simiUr coaditiMtt and d>cir expcne&ce can be 
repeated.) And while modem water^finding methods, gnvimetry and 
Kumognpby, can seek out weQ-soutccs in the deseni, the botantsts can 
find dtem more dieaply and perhapt mon dirccdy by ftudying the 
piano. Deaert shrubi find dieir own touree* of wacer and, if one Icnowi 
their root-syiceim, it is pocnble to predkt the depchs at whicfa water can 
be reached. Moreover U is potsible to teQ the nature of the water - 
whetber it is likely to be fieah or braddsh - fiom die nature of die pian o, 
becaute some are more tolerant of salt dun otbers. 

Profiasor Evenari, fiyii^ to the port of Elatt on the Gulf of A^ba, 
nodced, about twenty-five miles nortfa of the cown, dusten of growth 
in a cutiouily suggesdve patteta. He recaUed the Peniaa fénatf (bors* 
zontal Wells wich vertical shafis) which had nevet been tegarded as a 
feature of Palesdne. As it tumed out, the dcaert sands had choked die 
shafu but trees and ihrubi had found them an easy way of reaebing the 
underground water rhannelt. 

IB. ir TBB PSW BB ON TBB PLBBCa 

Anoeber diisg witfa which the Israelis are likely to impress visitors 
before they start showing them labocatory 'gadgets' a dicir funiliirity 
vnth the Bible, which is itself a remarkable tekndfie textbook. With* 
out reverong to the disputed 'dew^xnounds' (p. 189) it is wonhwhile 
recaUing the emphasis which the Old Testament places on dew. The 
first ‘dew-meter' is to be found in the Book of Judges (VI37, jS): 

'Behold,' said Gideon, T will put a fleece of wool upon the floor; 
and if the dew be OD the fleece only and if it be dry Bpon aU the carth 
beside, rbm 1 sball know that diou wilt save Israel by my band, as 
thou has said. 

‘And it was so: for he rose op early on the morrow, and thnm the 
fleece togedver, and wnnged die dew out of dse fleece, a bowl fiiU of 
water.’ 

Tkat was quoted to me by Dr Dovdevani, vdiom I first met on the 
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deten ntrvey which I nude for Unetco in 1930, u pcoof of the im¬ 
portance of dew, whicii he had made lua mi cD tifi c life-wock. Hia 
evidence, evcn then, was impresaive, but it becamc more ao later. 

One of bia dttcovenea was what one can call a ‘dew-horizon' in the 
Mil. Thå dependt upon the evaporation of moiatute &om the dceper 
•oil and the condenatioii and teepage of the dew on die surface. The 
level at which the cwo can meet and provide a moist layer can be futly 
conttant, according to the cootoura of the ground and the nature of the 
mU. Ifthe plants can beaelected which willroot dowo to that 'hocuon’> 
tfaey can ^ atsured of a oonaiatent supply of inoisture. An account 
which I wTote of this brought uoexpected viaitor to aee mc in 
London. He waa an expert from ^ypt who, becausc of the political 
situation, could not go to larael to aee Duvdevani, and camc to get more 
information from me. He had sem that thia ‘horizon' mi^t be a ndonal 
rxplanation of the culture of the water>melon > those gourda of moisture 
whi^ grow in the seetningly atid deaert. ‘Cule’ ii right, becauae. aa be 
pointed out. there was a lund of ritual plandng of the melon seeda. They 
dug down to a locally traditiona! depth and planted the aeed. Might not 
thia age-oM ncar-nipenddon be reachtng down for the dew-horizon? 

Anotber diaeovery led to Duvdevani being given a Unesco féllow- 
ship to go to Califomia, where Dr P. W. Went had a laboratory in 
which t^ cUmadc coodidona of any pan of the wodd can be repro- 
duc«d. Hece, under contrcdled condidona, his field observadona could 
be repeated. In man>inade dew, with preebe meaaurementa, plant- 
behaviour could be studied. One of his obaemdona in the Middle Eaat 
had been that cectain plants appeared to absorb dew, in quandty, duough 
thetr ieava and exude tbe excess throt^h their toott. (This was an un- 
expected invesson of 'tianslocadon', by which the up riaes and the 
mobtuxe drunk in by the roots ia, ia exceaa. aweated out by the leavea.) 
In Ottlifnm ia , pUnts wcxe gtown in test-tubes, under dew condidona, 
and thia phenomenon waa prcciaely measuied. The rqiort of the seventh 
seanon of the Unetco Arid Zone Advisory Conunittee was to record 
that dtia behavsour was true of a large number of economic plants suefa 
as tomatoea, augat-beets, peaa, squash and mint. Some plants are natural 
‘dew-gliittons’ habitually absorbing (u more tfaan they need and 
ezuding the excess moisture into the soiL Thia suggeated interesdng 
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posstbilidet. Not ooly could pUnu, such as duse, be gtown ia desett 
dcw but they oould b« used as ’wet-nuncs' for ocher plants gron’ing 
adjacently. 


13. CHIMiSTKY OF ECSTASY 

At one Unesco oonfércnce 1 felt abouc Dr Went (who gave Duv- 
devani his oppoctunity) tfae way diac poets felt about Newton who, they 
said, had robbcd the rainbow of its poecry by discovering du spcctrum. 
To me, one of the unfbrgcttable experieaues of the dcsert was ^ m«yr 
of the ephettun. Aftec a dtower of rain, m regjons whkh might not have 
had rain tor ten or fifteen yean, the desert would soddenly burst tnto a 
dazzling carpet of flowert, brilliant reds, blues and yellows. Hus Sower- 
burst was a mystery of nature ... 

... Until Dr Went explained that the ecstasy of the desen was no 
more than a marter of Chemical inhibitors. Tbese are dK^fniraU wluch 
prcvent gerrainacion. In the case of the ephtmeni, nature bas provided 
the seeds with chesnical ’mackintoshes’, or rain>proof tleeping-bags. If 
dure is a fluiiy of rain, insufficient to bring the sceds to nuturicy, some 
of the Chemical may be washed offi but the s^eds will rcgcnerate the 
inhibitor and go to tleep again for a fitw more ycaza; bue, comes a real 
sbowcc with a fair chance of lipesung, the Chemical will be washed odf 
and the seeds will germinate. 

Tbat is only one of the many mechanisins by which plants cotne to 
ternu with the aridicy of du deserts. On a ffigbt over a desert, one may 
see how, rottod a tree or thrub, diere u no hint of any other plant-Ufe 
and one will say, ‘But, ofcourse, cheshrubhas taken upall themoisture 
and tbe other plants have died.' That is not neoessarily true. There are 
often livmg leeds around tbe shrub but they are being prevented &om 
germinating by a Chemical exuded by the roots of the shrub. If bow> 
ever, there u a heavy shower which will wash that ehemiol out of the 
soil, there will be enough water both to liberate du sleejring seeds and 
bring them to matuiity. 

This prindple of tbe inhibiton (and there are nuny ocher types) is 
manifesdy important tn revegetating the deserts - the precondition of 
tbeir development. The chemists can idendfy the cxact nature of those 
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Fcvr instiDce, oo a visit to a BritUh btcwety researd) insdtute. 
tb«y sltowed me how they had itolated an aminoadd by paper dironu* 
togtaphy. frhis, in its simplest fcom, b like tmking a blob of watcry 
ink on a pieoe of blotång paper and watching che pigments of dsc ink 
separatist out tn varicoloured baloes. Similatly nibtle Chemicals, like 
tht aminoadds of the living processes, can be separated becausc, in a 
solvent tufiusing through hiter paper. tbey travel at diflérene rates.) The 
chemists were trying to interest me tn this one becausc ic was a dsemtcal 
which had bees) 'predkted' and, indeed, had been synchesised even 
bcfore tt was separaced as ‘the real thing'; but wbat fåsciiuted me were 
tbe laets about this chemica]. 

Many, many centuries ago, men discovered that they could make 
férmentcd drinb by soaking barley aeeds in vrater and causing the seeds 
to germinate and malt The brewera had always assumed that the satura- 
don cautcd the gcrminadon. Actually, they had been soaking-out and 
duowing away the inhibitor. Here it was - aircady synchesised aisd 
capable of bdng manufutured commadally. 

Now, if the planc-Kiendsts could tell tbe biochemitts just how much 
vrater a partkulai plant would need to nuke it mature, the seeds could 
be ooac^ wiih the prescribed amouni of the chemical. Seeds could be 
scaccered over tbe deserts, ifnecessary, by aircraft, and leh to germinate 
wben ihe proper rains came aiound. 

That miy sound a slow way ofdoing thingsbut there are many stages 
in reclaiming deserts. For example, if you wanc to culdvate a likely 
area, it will ic nccestary to axKhor movii^ dunes some distance away - 
as a kind of defeoce system. This can be done by marking out pacches 
five metret square, making trenebes round chem and ptandng rough 
grats, in stem. Then in the centre of the patch, sonse deep-roodug shrub 
or tree is planted. The grats seeds and the txee roots spread and the loose 
sod u gripped. GraduaOy the dune is covered with a paccb>work quilt, 
or. more apdy. with a tarpaulin of vegetadon which straps the dunes 
down. But if tbe process of culdvadon is to be extended, areas of desert 
much farther away must be gradually revegetaeed and ic b in thu 
extenson bele that tbe scatcered seeding might be useiiil. 

Conversely, it b possible to remove che natural inhibicoia by acid 
creaemene, or by pre-exposuxe to light, and so seire che opportunidei of 
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tudckn ioil*i»oiscure. Tliå method allowed a pcroinial gcas$ of tbc 
north of Israel to be osed m du Negev. 

T4. IIVIHC WITH SALT 

Anodut dbcovery which will be valuable in coasul descrt regions ot 
where watcr is available but salty was made by Dr R Boyko. He and 
his wifc fouod that they couJd grow ciparto grast on dunes irrigated 
with 50 per cent of ua-water. This, cunoutly cnougb, had du effect of 
washmg sur&ce salt out of the dunes, becaute the sluicing with tea-watet 
carried the salts down through the loou tand. The surfacc salt and du 
sea salt would, of coucsc, gradually accumulate tn the undergrownd 
waters and increase tubsoil saltnanon. Thus such a scheme must always 
bc itiicdy supervised by expettt. But they, too, might leam somediing 
from tlu ancient Sumerians who, as we luve soen, kept the subsoil salts 
at bay by rotating crops of weeds which dried out the loil at their 
toot depths and fbrmed a dry barrier which prevented salt-water from 
seeping upwards. 

Salinadon, chat fretor which has meaat the abandoning of whole 
regions and leaving them u deserts, is one of the most cruculent problems 
in descrt-rccovery. Yet detalinarion (removing the salt) is no longer a 
identific problem. It can be done - at a cost. If it is a questvon of drin^g- 
water, then settlers will nuet the cost to slake their dunt; if it is a 
question of water for an industriai process, then the coK of de>salting 
may be a reasonable economic charge; but ifit is a quesdon ofirrjgation 
watcr Ibr frrming, tben the tnetbods have eo be mueh cheaper dun 
dioK which the scientisa have so far aehieved - becauu of du <)uantities 
of watcr needed by the arid soils, and also, in many ra irt . in order to 
leadi out the salts in thou soils. 

Solar distUlation has been tried. This means using the heat of du sun'i 
rays to tum the water to steam which condetues 00 soroe cold suifrce 
as fresb watcr. The limitation bere is die quandties which one can get 
for any given Capital outlay 00 a solar disdilery. And, anyway, difnIM 
water is not sadsfretory for irrigadon. 

There tt a moch more e&crive way. It involves passing the water 
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dirot^ a baSery oSpolytlt€trolyU membianes. Tbat means using tpectal 
typ«t of plasdc filou. EHfiérenc tales bare diSerent electnc charges 
iniKretu is efadr molcculet, and tbe aelected fUms havCi in tbeir molo- 
euks, tbe opposite of those charges. So by passing dectricity through the 
water tbe diffcf ent salts ate ‘toited out' and saeened by the plastic filters, 
and useable water passes out. (Nodce the word 'useable', because not 
all the talo hare to be removed; coate of thcin are harmless or even 
besseficial.) 

Of coune, dte cott of uting electridty has to be taken into account. 
Neretthelett unprovements in this method and tbe reduction of the 
cott of the endKcsult are a likely answer to the decert-fiinner't problems. 

A chitd method is te&igcration. If talt or braddsh water is ftozen, the 
tabt are ceparated out and che resulring icc u firesh. But salt-water has a 
very low fieezmg point and tbe extracrion of the heat can be expeiuire. 
Some experts, however, are optunisdc about the ute of colar heat for 
refiigetasion of braddsh waten - Chat paradox whids surprises che 
uDtnfonmd when tbey discorer that a blazing gas jet can freete dieir 
’fridge! 


15. B&KNBSSINC THI SUN 

This use of the blaring tun of tbe deserts to producc coolth is already 
in practkal apfdicarion. Houses in the decett are air-coadirioned by solår 
mecbodi. 

And, of coutse, noching could be more taris&aory dun hamessing 
the sun as the energy-sotxrce for desert purposet. I remember a Frcnch 
in ifac Sahaia. poindi^ to the fieree sun and saying, *There ss 
otir nucleat teactor.’ And, of coune, be was right For billioos of yean 
che sun has been converring hydrogen into helium and, in che proces, 
releasng the rays on which aO lifc depends on eartfa. That is the fusion 
proces - the hamessing of hydrogen energy which was fint released by 
Man s die cataclysmic force of die H-bomb - whidi once it is aehieved 
wiQ mean power unlimited. Even shott of dut, the making of 'baby 
stxns' on caith, the real sun oden great posibilitics for scienrific in* 
^uity. Let us hames some of itt energy which is so prodigally arail* 
able. 
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There are many promismg devioes. Ardumedet is suppoted to have 
set the Roman fleet ablaze at Syracuse by using a buming gi«ft and 
I4p) the Incas used convex mir»o to lighe dry rinder for their fire- 
and-senoke signals whkh could send mesages to Cusco om a 
of s.ooo miles in less than duce bours. Most people have Ut fiies with 
rcading-glaaes. Today, in the United State^ great mirror reflcctots can 
focus Ae tun and producc points of heat as intense as the firedsall ofan 
atom bomb; and, in the Pyraiees and Algiert, giant mirror installarioas 
are used for tmelting intractable oret. 

The Russtans, while developing vast hydro*electtic stations, budding 
fission rcactort and experimencing wA fusion rcactoct. took up solår 
energy seriously, not as an interesting ploy but as part of Aeir power* 
system. They considered it a means of pcoducing clectricuy in 
beyond the reach of ctanamissiotwlutes. One of Adr btggeit is 

m Armenia, near Mount Aiarat. The installation consists of x.29} large 
mirrors mounced on electrically disven bogeys ttavelling round 2} con* 
oenme railway tracks. This battery of mirrors forms the arcof ebe cirde 
and foUows Ae sun rouitd Ae Ay. The nyt are focused on a boiler at 
the top of a tall mast and the iteam Aus genented is used to power 
electric generators. The station is designed to have a capacicy of 1,200 
kilowatts to nipply elcctridty for Ae tunounding fuim aiU operate 
irrigarioQ pumps. 

As pait ofa Unesco programme in Israel, Ot Karry Tabor devetoped 
at Ae Beertbeba Desett Resear A Station the world’s fint industrial plant 
operating on tolar energy. Black tuiCicea absorb heat, but if you tum 
such a turfocc face upwards to Ae tun, most of Ae heat is loct by con* 
vecrion- by escaping upwards, Hke Ae heat from a radiator. Ingeniously, 
Tabor used simple curved mirrors as the gatheren of Ae sua't nyt. Over 
this, to captute Ae reflected nyt. he placcd blacfc*tut£iced coUeeton 
above which were pipes m nAich water was beated into low>presture 
steam. Notice Aat Ae pipes were ofove the black turfaccs. This arrange* 
ment cut Ae emistion heat-lossa by four-flfAs and made the tyttem 
economically possible for steam-raising at a Becnheba fåetory. 

Anotber solar-energy device consists of tUicon wafers embodied in 
a 'tolar photovoltatc battery’. Wben Ae sun shines od chc Silicon, Ae 
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butery coovcrø 8 to 14 per cent of the nin’i enetgy rcceived imo 
dectricity. 

In India dw 'Nehru Stove’ lus been developed. This is a simple coo- 
cave inirtor of polisbed aluminium whkh fbcuses the sun on to an oven. 
(It is like aa invertcd umbrelU wicb the oven at the tip of the handle.) 
With this ic would he possible to cook a otcal (br a whole &nu]yi but 
at the cost of the stove u beyond the means of the Indian peasant, 
whose average incoine »leas than l,yi a ycar. Yct a cootrivance as sim|de 
u this might well rcvolnrionise the feediog of India’s 400,000.000 people. 
For most of thcm, their only ftid is cow dung, whkh, tf it were ploogbed 
into the soil instead of bumed, could regenerace the undemourtsbed 

ground. It ahould not be beyond the wit and ecooomici of nun to make 

such a ttove more dieaply (pcthapt out of plastics spnyed with a mirror 
turlaoe) and make it available to the peasants of India. 

Hk trouble is, very often. that those who think of development so 
often fhinit of gteat engineering wofks - dams, and the hke. Yet the 
‘brcak*through' is oftea mueh more clementary. Por instance, in 
Afghanistan tbc Govenunene appeakd to the Food and Agricultural 
Oeganitation to uve the country from a grave situation. At thac tune 
the only prodoct which could earn foceign currency was kankMt, 
Persan Lamb, but the flocks were in peril. There was diseax but, also, 
some 40 per cent of the flocb died duriag the winter from hunger. The 
veterinarians could pcovide the answer for the disease, but the other 
problem was winter fodder. This was solved quite simply. The P.A.O. 
experts introduced boes and encounged their uie in the production of 
root cropt. but tbey also introduced scythes. The Afghans only had a 
primitive sickle, but experts irom Swiczerland and Austria showed 
tbem how chey could scyche the hay on the mountain*>fide and store it 
for winter fonge. They aho taught the Af^un blacktmiths how to 
nwlfi« scythes and eneouraged their adoptioti by organising competi- 
ri/m t (This latter was a miiwr mistake because the Afghan chiefi, who 
love competicions, treated scything as a sport ibr the wdl-to-do and it 
took some time to convince ^ose who had to do the work that it was a 
practical necessity.) The other dicumstance was malaria clearance. The 
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World Health OrganiiatioD wcni iato Afghaniatan aod deared a 
malarial regtoo. between the Hindu Kmh and tfae Oxu* River, whidi 
bad been abandoned fot centuries. It became a conon^rowing region, 
ptoviding Afgbaniuan with a second export. but also with cotton-oil- 
eake for the winter iéeding of the sheep. 

16. DBSBRT PO-IT-YOUKSBIV 

One of tbe exponents of the clcmentary approach lo desert problems 
wasMrE, W.Goldmg,aBrituhcxpcrtonru«l clectrificalionandwind 
power, wbo was sent out to vaiious parts of the wotid by Unesco. While 
othen were thinking of nuclear power, muld-purposc projects, nr., 
Golding advocated ‘Robiiuon Cnisoe’ metbods - nu^ng do with vdut 
was available - wind power. for injtance. Sails could be made foom rush 
mats; on wcU«chosen sites, they could geuerate 3,000 watts. With 
storage battetics. they could supply light and a smalt amount of domcidc 
energy. More ambitious co-operative ventures might have S kilowatt 
or as mueh as 50 kilowatt with altemadng current generators when the 
speed was high, and direct current for battery cha^ing during low wind- 
speed periods. The cost per kilowatt bour would vary according to the 
wind miles per hour from Icss than a halfpenny to 4)d. per unit. He 
ihowed how. in some regions, organic wastes luch at brushwood, 
Waste, sugar-cane waste, busks, cobt, straw, coconut shells and animal 
Waste could be bumed in small steatn>power plants, or fod into a 
producer to pcovide producer-gas, or formeoted to produce m^rhan#* to 
be used as domesde foel or drive inttnul combustion engines. 

Nevertheless, the challenge of the deserts wifo dseir possibilicy of 
iaereasing the food suppUes not only for the local inhabitants but for 
global needs calls for Capital invesiment for beyond tbe means of 
localities or, indeed, of govemmen ts. As we have teen in the ttudy of the 
past civilisattons, the peasantry could only exteod dseii culdvation so 
for and then had to rely on public udlidcs, personified by tbe overlord 
who could build major irrigadon canals. Similarly, today tfae redama- 
doo or the devdopment of deserts requires the indulgence of those who 
can affbrd the heavy capical investmenes, and who caa nuke engineering 
resources available. 
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IJ. THE SOBTBIEANEAH Nlll 

Ncwly »third of d»e land jut&oc ofthe earth is boc. dry doiert. That 
definition would includc the hopdeo fodty dcaerti oftbc lun-enamelled 
kammMU, the gravel dcsert, oc smr; and the granuUted sand deiert. But 
tc abo grcat areas of daiccated alluvial soil and wind-Wown 

locss, as weU as scmi-otid stcppeJand. As a tough apptoxiroation, otie 
nught lay that a ninth of the vast desert region oould bc devdoped, re- 
vegcuted. and cultivated, if only watcr wete availablc fiw imgation. 

Modem knowkdge of hydrology suggests that ninc-tentb of all tlw 
water of the ltnd-suf&« (as disdnct fiom ihc oceans) ii undctground. 
at depth. TTiat tneans that aD the grcat lakes stored in aquifcn, undet- 
ground poeotis rocks, sands and like the Albiennc Nappe (p. 139) 

or die grandiose subteiranean tributary of the Nile. 

The latter is an undctground river about $60 miles long, starting somc 
Bo miles soutb of Luxor and entering the Meditcrranean on the west lide 
of the Nilc delta about 70 miles nocth of Cairo. According to Mohamcd 
El Sayed Ayoub. oneKiime Inspector General for Nile Control, the 
width of the subterrancan river is 6^ miles and the strata of 
sand and gravel in which it flows aic &om 300 to i, 5 <» fcet in depth, 
aapariiy whkh issix nmes dse annual flow of the Nik- that great wide 
river with all ihe water of Lake Tana and Vicwria Nyana behind U. 
To call it a ‘river’ nuy sound like an exaggeradon, sincc its flow-movc- 
ment b about 50 fcet a year. Nevetthclcss, about 4,000,000.000 cubie 
metres flow into the Delta iinuscd dcspite the fi« that the water foedi 
upwards into the Nik itscif and somc 1,400.000,000 cubic metres find 
dieir way into irtigatton. 

One imaginativc ichesne which has nevet bcen propcily considcred 
b to build a subtcrranean dam at the mouth of the underground Nile 
and dius force more of the water up into the river and råbe dic water- 
tabk M that nuny of the Egyptian depressiotis might become extensive 


oases. 
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IS. WATBR 1$ POLITICS 

Tlie World wu reaninded ttut water u polides when die crisU oceurred 
over the High Aswan Dun, ch« greac batr^e on ebe NiJe which was to 
create a reservoir stretching 500 miles south. At fint the Intemuional 
Bank aequiesced and then politics stepped in and the support of the Bank 
and the United States wu withdcawn. This 'toss of £ice', and the need 
to redeem tt, werc among the reasons why Colonel Nasser teized the 
Suez Canal, die act which led 10 Brinsh and Prench milicary intervendon. 
Latet the Russtam promised Nasser help in pursuing the High Aswan 
icbeme. 

There were technical and cultural u well u polidcal objeedons to the 
High Aswan project inciuding the *drowning' of the Nubian tonples. 
Bnt, without debadng the events of the case. the circumstaoces were a 
reminder that Egypt is a ‘water*hostage’. It hu to import all its water 
from outstde its boundarses. The sources of the Nile are in Abyssinia 
and Uganda and even the great oases of Egypt depend 00 the rains of 
^ench Equatotial Aiiica, feeding die Nubian Sandstone Layer which 
fupplies the springs of the oases. Similarly one is endded to regard the 
'Kashmir problem’, in spite of its polidcal and religious overtones, u a 
hydrological one. In Kuhmir there are the sources of five great rivers 
on which boch India (par dy) and West Pakistan (endrely) depend. On die 
horders of Israel there are the 'incidents' which are a condnual reminder 
of the siruggle Ibr the waters of die Jordan beeween Israel and her Arab 
neigbbours. And, since wc aie plumbing beoeath the sur&ce pohdo, 
we might consider the fli^t of the Dalai Lama from Tibet u anodier 
instance of‘water politics'. In dut forbidding country is the watershed 
of the rivers of Continental China. But in Tibet aJso there u the largcsc 
concentradon of useable water-power in the world. 

19. UtlBoBICH CATABACT 

Professor Hans Thirring, the Auscrian sciendst, dcscribed at the World 
Power Congress in 1956 a scheme to hamea this power. Nub of die 
project is a hairpin bend on the Tsangpo River, which Eows into the 
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Bnhmaputn. Bctween cod o( dut hairpin tbe drop is a mile and a 
quarter. Tbe proposal was to thort-cot cfae bend by a tunnel ten miles 
]ong. Through this would poux to a generating station the world’t 
greatc« ataract - dropping a mile and a quarter. He estimaced due 
the capadty might be as^h as) 30.000.000,000 blowatt-houn per year. 
This ^ure - the output of one scadoa- was a quarter of all ebe elcctrical 
energy then produced in the worid. (The pcoject for a tetMnile tunnel 
is not a (brhldding ooe, when one considen dut tbe Aluminium 
Company of drove a tunnel dut long through tbe Rockies to 

get power foi dse aluminium wocb at Kidnut, in Bridsb Columbia.) 
Thiiring was ptopofing a consortium of Tibet, China, India and 
Pakistan to skare tbe project, and with intematsonal hdp to £nd the 
^3,000.000.000 whkh he esåmaied the undcrtaking would cost. The 
Chinese got there fint 

ao. TAMINC TBB YBILOW RtVBB 

At that same World Power Coogress, we heard the hrse descripeioa 
by Chinese enginecn of the gigantic schemes for the Yellow River. This 
river flows for 3,000 mila and tbroughout history has wrcaked havoc; 
one flood in 1938 dupossessed ia.500,000 people and oost 890,000 livei. 
The en^neers told how, with technical assiscanoe &om the U.S.$.R., 
thil river is to be hattwssed, to connol the floods, providc inigation for 
30,000.000 acres, improvc navigation and produce 110,000.000,000 
kilowatt 4 wun per year - ten times the total dectndcy genecated in all 
China in 1954. Ihere are to be Ibfty<«x dams, and the first five 
are to be eompleted by 1967. The YcUow River u the muddiest river in 
the endre worid, but the engineering works are to be preceded or accom> 
panied by vast soil conservancy and re-alTorestadoii schemes to ttop 
erosioo and peeveat tbe sildng up of the dams. 

T.VJ^, (Tennessee Valley Authority) has become synonymout with 
stich grest muld>purpose enterprises. Iti schetne controUed the flood 
waten of seven American States, restxained their perennial havoc, built 
up irrigatioio systems and produced a vast hydro-electric potential - and 
inddentally hdped to nuke possible tbe atom bomb. bccause T.V.A. 
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provided (he dectricity for che Oalc Ridge plant, which produced tbc 
uranitim S}5. Ic wat alao an example n) tbc whole world of how 
afToreuation and engmeecing could combuie to uodo tbe havoc of Man 
and banua du forces of nature. 

at. TUBNINC THB SIBBftlAN BiVBBS 

In Rusåa cvcn greattx tcbetnes were undenakeo. Ship canaU werc 
coastnKtcd firom north co toudi acroa European Rusåa. Two damt at 
Kuibisbeva and Stalir^rad had each of tbem a hydto-clectric output 
gteatet than Amenca’s Grand Coulec. But transportadon and electridty 
were only part of tbe purpose. 

A milboa square miles of tbe Soviet Union aie steppe and descrt. and 
chree-quatters ofa miUioo of thete form tbe Central Aåan Detert. Rain- 
fåU between two and fifteen can occur in spring and autumn but 
in die summer tbe dry windt, ofteo witb burricane force, tweep from tbe 
Assan deserts into tbe European Ukraine. A fifteen-yeat aEbrcstadon 
scheme was scarted in 1948. This induded tbe plantbg of gteat wind- 
breab - 3,300 miles of major tree-line. Tbis tree^lanting was accom- 
pansed by vast irrigabon scbemes - tbe most spectacular being in 
Tudtmenia. 

Reference has been made in dus book to the civilisations whidi grew 
up along tbe Oxut, sMw callcd the Amu Darya. 5,000 yean ago tbcre 
were dties in wbat are now desert arcas and thete is abundant arcbaeo* 
logical proof of pasc inigacion systems. (And tbc intetesting &cc is that 
they used plant drainage, like die Sumeriaiu.) At one lime a brancb of 
dK Amu Darya flowed acrou Turkmenia to die Caspian Sea and 
die gitat oases, bke Tashkem witb tes populaåan of I,300,00(\ are 
proof of tbe fértility of the desert. 

Tbe process of tcoovehng this desert has induded the budding of a 
dam acroB tbe Amu Daiya near ics ddta to tbe Aral Sea. This can divett 
neady 50 per cent of tbe flow into a 700-mile easial across Turkmenia 
to Krasnovodsk on che Caspian Sea. Another 746 miles of brancb canals 
are deågned to ittigate about 5,000 square miles of desert, and tbe middle 
sectioa of che canil is detigned co fliub>flood about 37.000 square miles 
of desac&r periods of ooe to three montbs, to increase the pasturcs for 
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hones, cattk and sbeep. TTie predictcd yields of the iirigadon sdieoves 
arc, in jnilUoiu of tons: wfaeu, S; (ugaAbeet. d; ooRon, 3: »d rice 
In addition diere would be pastures Ibr 1,000,000 head of catde and 
head of sheep. This, apart from the industrial crops, represents 
tbe food of 100,000,000 people. 

An even more spectaeuUr Russian scheme is the so-called 'Davidov 
Plan' for diverring the rivers Ob and YenUei. Those great Siberian 
rivers catry an enormoui volume of water into the Arctic. The project 
depends upon the Turgai Gate. at a point about 50* 35' north and 6 $* 
30' cast. I j mites north-west of die town of TurgaL Thb ‘Gate’ is tbe 
tumsdle, as it were, of the watershed between die Arctic Ocean and the 
Aral Sea. By building a dam ajS feet in height at Bielogorie (61* I' 
north 68* 30' east) near the conflueoce of the rivers Ob and kti^ and 
by blasting a deep-cut canaJ through the Turgai Gate, tbe waten of the 
Ob could be sent a distance of over 1,000 miles into Lake Atal, and from 
tbere to die Caspian Sea. By damming the Yenisei where it crosses the 
6oth Parall^ and by linldng one of its tributariei to one of die Ob’s, 
watet from the Yenisei could also be diverted along this route. The 
eSect will be to aeate a great man-made inland sea as big as Great 
Britain, behind the Bielogorie Dam, linked by navigable canals to the 
Arctic Ocean and the Caspian Sea. When it is completed it will be 
posnble to go by ship from die Mediteiiancan through the Dardanelles 
to the Black Sea and the Azov Sea, up the lowcr Don, through tbe 
Don*Volga Canal and the lower Volga to tbe Caspian Sea; &om diere 
through tbe Tuikmenian Canal to Lake Aral; up through die Turgai 
Gate Canal to the man-made sea and down che lower Ob to tbe Arctic. 
It will mean rectaiming over 60,000,000 acres of fertile land by inriga- 
don, providing fbod for another 100,000,000 people. The hydro- 
dectrk output from tbe sebeme will be equal to four-fifths of the present 
total hydro-clcctric produedon of the United Sutei. 

Some indkadon of the amount of work involved in this sdieme can 
be got £rom the fået that the cucting of tbe Turgai Gate Canal - just one 
part of die project - will mean shifdng 23,500,000,000 cubic yards of 
cardi. A modem land-dredger can shift 400 square yards of earth per 
hour, to it would take a tfaousand such machincs, working day and 
night, sevoi ycart to make the cutting. 
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22. SBAItlD KHOWLBDCB CAN BBCLAIU DISBBTS 

The imaginaå on Qeed Hot boggie at tudi vast pcojecø. Evcr tince 
Thtnking began to thiok, be bat cootrived (be surviTal of his spcdes 

by ihe modibadoo of his cnvironment. Twentieth<eDeury Man can 
comnuad tbc teaources of bit mechatucal ingenuity. His machines can 
do ia miDutet wbat miadc'tlavcs took montht to do. He can share 
coUective knowk^ and treat tbc whole world at bis plant-nunery or 
bis stodcyaid. Witb visdom (and bitter experieoce has taug^ that it b 
rub mditcriininately to introduce piano and aninuls ioto an unfamiliar 
eeology) be can bortow che plants or tbc animalt of odset para of the 
wocU and • but only witb wbdom - adipt them to his local needt. One 
elatsical exatnple of this was the invaJuable introducdon into otber arid 
arcas of ibe Australianeucalyptus. the coott c^which reachdown to find 
the water^table. At a kind of revene Icase-lend the introduction of 
'subcemnean dovcr’ bat meanc untold millions to the theep men of 
Southern Autttalia. 

One of the mott woithwhile enterprises of the pott-war wotld bas 
beeo tbe work of the Unewo Arid Zone Conunittee, which at very 
limited coct bas brought together cxpera, and their experietsce, fiom 
all parts of the world, to share, or to initiate, reteatcbet which can make 
tbc great naked placa of tbe eartb, the deserts, habitable by Man and 
producåve for bis needt. 

aj. LIFB AT BICH ALTITUOBS 

Apart, however, &om the hot deserts and the oold deserts (of the 
Aictic and sub-Arctic) more and more attention is being paid to the 
problems of the hi gh altitudes and the wet cropics. Afcer all, the Incas, 
at we have teen vrere able to cultivate die Åndes up to beights as 
high as 17.000 féet. Tbere aie at lease ia.000,000 pcople in the world, 
bving in tbe carified atmospheres at 10,000 féet. or higher, above sca 
level True, ebey are a special breed pbystologically adapted to beights 
at which pcople accustomed to lower altitudes would be tubjea to 
‘mountain sickness’. Tbere is, however, no reaton why mountam areas 
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and high pUteaux should be ‘wricten off* u uninhabiablc of uapro- 
ducdTc, which u tbe actuude adopccd by nuny geographert. Ic will 
alwayi be a case of'thc highcr. thc Éwec', bu* ‘fewet’ b rdative. 


Fa* bclow such hdghts there arc neglected uplatid*. Wc have seen 
how populations tended to settie and expand oo the alluvial pbins and 
rivenide*. Tha* b **ill true of most areas of the world. In soutl^ost A*ia 
there are supposed to be dense populabom. Actually. countrie* like 
Burma and even India are &r lets derucly populaced. in relation to tbeir 
area, than Western Europe. The reason b that dose setdement b in- 
variably in the valleyt while the settlers of the uplands are thinly spread. 
The bony b that the river peoples are die vktinu of the Boods which, if 
conuoUed, would provide the water Ibr the thirsty oplands. Tberefore, 
among the ‘muln-putposes* of great dams. to Control floods and 'win' 
electridty, ought to be included the irrigadon of the » t plan d t. 

Such irrigadon b completeiy feasibte, as one can see from thc age-old 
systems of die Chinese and the Javaoese, by which they canry 
aloRg the moimcain ridges to form the infrne catanets which tumble 
into die licc terraces and finish up flush-Aooding the paddy fields of the 
plateaux. 


a4. THB T80PICS - WITH T88PIDATION 

Vast arcas of the tropical world are still nnproduedve, in terms of 
Man't needs. The area of Africa held m fief by the tsetsc fly b at big at 
the United States. The malarial jungles of India cover soil which could 
léed tens of millions, and the deep hinterlands of Ladn America, the 
Amazon and Orinooo forescs, aie sdll vtrtually inaccessibte. 

But, as has already been consutendy stressed, we must not brashiy 
assume that such arcas can be indbcrimbutcly exploited. It b not just 
tendment which should malte us pause and feel anxiout about die 
destruedon of wUd lifr in Africa or feel aiarmed when lumbermen get 
loose in die forests. Nor mus* we lighdy dbmbs die tsecM fly which has 
so frr protected vbgin territory from npe. Wild lifé, forest treei, the 
tsetse fly and even gemu are part of chat ecolt^, the balance of nature. 
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we moflt fuHy understand beibre we interfere with it. 

Tropical wili atc sensrtwe »ik 1 have $ecn a fore« tract whkh wai 
tutned into a dcaccated deaert tn seven yean. because the forest had been 
CQt down and banana pUntadoni pUnted in mitury rows. The fore« 
growth had derived to nourishment tom the deciduow leaves and 

tottmg vegetatk« on the surike of the soiL The rnatted bra^ 

broken ibe force of dw torrential rato and had shaded the aoil trom d« 
fierce son. When the plantation was cttabiiihcd. the natural compou 
dtoppeated; the $oil was roasted by the stm and seouted off by ^ rams 
and finally biovra away by the windi. The banana oees had suek^ the 

nutriment from the soil but the kaves had not been an adetjuateumbrella 

Cta^othct hånd, in Thailand I »w what forett management could 
do to pieservc the forest eomplex, at the same time gettmg teak, aod 
stiU allowiog areal for culdvadon. In that teak jungle, the forae dwellen 
had practiaed shifling culdvaoon. Tbeir ptaedee wai to cut down a tract 
of jungle and set fire to it. The ash fcrtilised the soU and gave them at 
most two yean of riet. Theai the moosoon råbs would scour the trace 
and they would move on. To their tradidonal depredatiOM had been 
added the ruthlos modem cutting of the teak for expori. The loults 
OM could lec in the Mekong River, the waters of which had the con- 
sutney of liquid chocoUte. heavy with the soil eroded from ihese 
Ibrests. 

Thcn a Porest Comervation Service was establuhcd. Trea wae 
»electively cut, so that the balance of the forat was mainttined. and an 
artangciTvctit wai made, quite amiably. with the jungle-pcaiann. They 
were told which part of the forest they might clear and bum, in otder 
to grow their rice, but hefore they moved on to their next strip, they 
werc p«d to plant teak-saplings supplied by the State nunery. 

»5. TBB WIOB'OMN SBACBS 

Of the land surfac* of the globe osdy 10 per cent b cultivated in any 
way and mueh of thb is rough gramg. hatdly bett« tban desert or 
moorland. Only per cent b intennvely cultivated. Thb b not a fixed 
pcopoitioo. natutaJly determined; it simply rcmindi us, onee again. that 
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(knung apadty depends oti the mcthodi. and knowledge. at any gjvcn 
period of time. (Remember chat, at the time of tbe Norman invatioa, 
Bricain was alieady ‘overpopulaccd* alchough the £gure wat onty 
1} million, because all the land whicb was oscfuUy producdve by the 
methodt then available was already being culdvated.) Hitbcito there 
has appearcd to be no chance of gctting a reasonable return (rom any 
land tfaac was either too hoc, too cold, too diy, too wec, too njgged or 
generally inaccessibte. 

So we are encitled to look at the world afresh in terms of modem 
science and agriculcural tedmology. We can assume tbat, given the 
’directivc’ and the tesourcet, the plant-breeden could now *ailor-make’ 
crops to meet condicions whkh have hitherto becn intractable; that the 
soil cxperts could condition dust and clayt into soil and make up the 
Chemical de£dcndes which have made some soils unproductive; and 
that with canning. deep-£reeze and radtanon-preserving, the food cech- 
nologists will enable us to distribute produce &om and to any part of the 
woild. 

Morcover, the yietds of the land which has becn culdvated $0 far have, 
tn the light of our modem laboratory knowlcdge, becn largely wasted. 
This is not just the question of wastage (p. 247) thtou^ pests in the fields 
and tn storage. AU those diousands of ycars, Man and his aninuls have 
been growing domesticated plancs for food oc fodder, but they have 
eaten only those parts which were palatable or digesttble ond rgected 
tbe rest. Now we ought to be able to breed more speci£c Chemical 
produccs. For instancc, we can grow plants, or tieat plancs, so that they 
can yield the types of protein which the human body nccds, widiout it 
being flrst ‘processcd’ tkrou^ the mitk giands oc the beef-steaks of 
anitnals. Only one-chirtieds of the food value of the lodder consumed 
by an animal is available in tbe milk or meat. Or, as a British industrial 
devclopment bas shovm. it is posåble to cxtract from grass, or coarse 
plants, protein in forms which the body is capable of digesdng and 
^ ^f it niUring . Thu could bc an immeasurable ooncribution to tbe needs 
of che hungry mUlions - provided duc supplies were cheap enough and 
accessible. 
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>6. SBA'tANCBINC 

ThcD tfaere aic ehe great wiste resouices of die %ca. Ib tenns of gettug 
ottf food supplio from tlie sea, we ate tdll at tbe stage of our Neolithic 
focefsthen, die cave-men huoten. We have doxneitiated the Und 
animali but we stiQ hunt tbe lea creaiutei. Why should we not have sea- 
fåtins and sea-candies? It has been detnonsaated that using sea lakes or 
^erds, it b posnble to frn ee in fiih and, fettilising tbe watet as we ferdlise 
die to inctease dte algae, tbe sea-vegetadoo, and die plankran, so 
that die fisb will muldply and futea. We can selodvely bteed sucb 
'domesticated' bsh to ttnt our reguitements. 

As was suggested m that 'projecom* af die Arctic of A.P. aotio. 

Lke Kane Basin, might be fénccd m to become submarine range- 
lands and we could have a submetged sea-Texas. 

ApaR &om tbe sea-creatures, tbere b die sea^vegetadon tiduch u 
vittuaUy unoied. Tbere are tbe jungles of scaweed which can provide 
edible food. Wheo I was yotmg, on tbe east coost of Scodand die fisher- 
women, witb* creds on theit backs, used to go &om door n> door 
‘Hey! Caller dube and tanglel’ Tbey were scUing aeawced, 
£resh gatbered and tocctiient. One could buy a fistful for a balfpenny. 
Years 1 bad an expensive dish in a ’posb’ restaurant and discovered 
that it was carragcen, which u tbe Irish version of my old ‘Galler dalse 
and cangle'. Extracts of seaweed. algoiaces, are used in ice*<ream and 
otber comesdbles and also provide fibres for weaving. 

But die phytoplankton and tbe xoopUnkton, tbe microscopic veget- 
abk and animal iife of the sea, could be a ricb sonrce of food if we could 
kam bow to coUea and process tbern. In tbe fbod cyde of the sea, die 
microscopic algae ate caten by the miciocrustacea, wfaidi are eaten by 
the Urger crustacea, which are eaten by the smaller fiih, which are eaten 
by die Urger fiih, which are eaten by us. Tbat u an ^borate and in- 
fjlirimt process. The whale, a mammal like ounelves, can have a lengtfa 
of stxty &et and a girth of thirty to fbrty fcet, a mass of bone, flesh and 
Uubbet. To build dat grcat body it just swims aloag with its mouth 
open colkcdng die plankton and gecdng water. In this way U gcts aQ 
food and nourishment U needt. Wby sbould we not have an acomic^ 
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poweted imficul whale, whid» could coile« and cotnpact the plankton 
and nukc it available for ^oory^rocesing into palaiable food for 
animab and men? 


27 . PISR-1>ABMINC 

Although tea-fish have not beea firmed, freth-watei fish have been 
domesdcated for centutiea by the Orioitali. and indeed by the medieval 
monki with their monastery carp ponds. Hus has becn an invaloablc 
supplement of high protein to dw rke diet of the Eastetn peasants and 
could well be extended for the benefit of many 

In Java. the peasants have an ingenious method of inning their fish. 
Tliey plant’ them with the rice. When the rice-fieldi ate Booded, they 
put in the fingerlings which forage and grow among the stems of the 
nce. When the Helds are drained to allow the rice to ripen, the Hsh are 
abou t tlse sne ofpikhards. which it the size the Javanese lUce. In Thailand, 
they have long had their carp ponds but the experts of the Food and 
Agriculture Organisation penuaded them to try growing tilapia 6sh 
with their rice. The Thais atc acotstomed to bigger fish, but tb^ have 
compromtsed. They plant the Hsh with thdr rice, but in the centre of 
the paddy Held they put a pond into which tbe Hsh migrate when the 
draining of the paddy starts asul wbere they remain undJ the neset flood- 
ing. And this ihuttle-service goes o« undl they are tbe right size. 

Tbe tikpia introduced a minor revolution into fish>farming. Thcreby 
hangs a tale: one day in I9}9 a peasant on the oorth coast of Java found 
m a lagoon five fish which be dtd not lecognise. By pure »rrjdfn t. a 
Dutch fish>bioIogut was in the dsstria and reco^used the find as 
spedmeni of Tilapia nuzambi^, which belonged, as tbe suggests, 

to Mozambique, on the easc coast of Afiica. No one knowi to t^ day 
how those got to Java ot whetber they made a piscatorial Kon Tiki 
esqsedition across tbe Indian Ocean. Anyway, the Javanese discovered 
what had not been fully appredated in East Ainca » tbe excepcioiul 
qualides of tila^ as a domesdeated fish. It is highly accommodadag. It 
can grow in sea water, brackish water, st^^nant water, fresh water or 
paddy-ficld water. It has the useful qualicy of eadng tbe larvae of mos* 
quitoes and so redudng the amount of malaria. It muldplies fiut. It is a 
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moutb-breeder, a fish whicb curiet its tf«wn ia iis moudi to kecp tbe 
eggs safe from predaton, and alw caxries io fingeHiogs m ita mouth 
until cbey can icMk afrer dieouelrea. In the rice fields they can grow co 
appediing nze, 

Whn the Food and Agckulnue Organisation of die United Nadons 
wanted to cneourage fiib-frnning in countriei where people were undcr- 
noatisked, it diKovered tfaat tbe bat practical teachbg was to send frsb- 
cxpem from tbe vatioos coontria co smdy in tbe Eatt The professors’ 
were the illiterate Javanese frrmers. The frih Toted most likely to succeed 
was *Tilapia, Class 39’. It was even re-inttoduced inco East Africa witb 
impcesnve results. 


aS. THB SON WB BAT 


AU oiir (bod derivo from the jdiysical rays from the tun. The plant 
b the nwhawinn whkh uso thoK rayt to co n v a t the physscal elements 
inco the atmospbete, in water oe in the soti into the palatable and 
digestible tubttassca whieh we eae. Nature has tpcnc bundieds of 
miUsons of yeart perfecting thu process, to naturally it is complicated. 

But tn tbe pait (éw yeais, tdentuts have had available to them methods 
wbich have enabled them to ttudy the bring proceu in the plant ThoK 
mediodi derive from atoimc energy. which produca radio-isotopes, 
Chemicals whkh emit nys and are cherefere detectaUe. But they are tbe 
'twint* of ordinary elements and in any chemkal process > tat-eube or 
bring - they wiU behave tn exaedy the same way as the non-radtoaeåre 
vartety. Thus, in effeet, they can trace out the Uueptint of the process of 
eonverskn of dements into food. 

For a rery long time it has been known dut dse green colourtng of 
leavo, dilorophyll, b the trap for the tun’s nyt The green ccIU ahsorb 
this energy and die plant usa it to convert, from the air, carbon-dioxide, 
hydrogen and oxygen, nitrogen, phosphates, etc. ChloropbyU u being 
thorooghly inresdgated wich radio-botopet So b tbe ‘caibohydrate 
cyde' by vduch tbe plant tums carbon into sugar and starcha. Indeed, 
tt can be said dut the carbohydrate cycle has been wocfced out to the 
cotnplete detaU of the fiow-sbeet of a Chemical plant Thb has been 
carried (urther into the study of the build-up of die aminoacids, the 
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Chemical ‘building bticks' which form the proteins, and into the study 
of diose complex proteins and how they, in tum. ferm. and 

repait cbe cells and cissues of Our bodies. 

Theoretkaily U is posåbtc to make luch things as caibohydrates - 
sugan and starches - witfaout the intervendoa of the soil or ^ plant, 
and radioc henu its and the engineers couid build fectories to reproduce 
die processes of the living piam and create food directly from the 
demeots - Uke a pbannadst dlspeosing a prescripdon. 

But the ^e^d wheat or batlcy does it much more cheaply and more 
eflidendy so tbat there is no need to antidpatc diat ulomate etuis when 
the populadon will be so great or our soil so limited or exhaustod tbat 
we sball have to have tecourse to completely tyndieoc feod. 

One thing which research can show, however, is how iiom a bloe- 
print femiliaricy witb nature's design we can malte, growing plants more 
cfltcient. 

Still using plants, we can also develop even ferther the praedee of 
soildess iårming - hydroponks. In this the plants arc anchored by thetr 
roms in sand, or mulch ot sawdust, and a flow of water, with all the 
necessary nutrients, is maimabed. This b pcriécdy practical > ic was 
used during die war on dcKrt islands, suefa as Ascension, in the suh- 
Arctic in Labradoc and eo supply die American ferces at Chofu in Japan. 
Its merits arc in die production of fresb vegetables but, in engbeering 
and b supervision, it u expensive. 

The othet possibility u the culdvadon of chlorella. Thb b the most 
direct way of‘eatbg die sun* bccause thb microscopie plant (the green 
•eum on duck-ponds) b conversion at its sim^est. Ic muldplies tapidly. 
About so per cent or more of its dry weight b proteb and k contabs 
various kbds ofvitambs. In Japan they have goc £LIteea to twenty metric 
tons of chlorella per acre per ycar, compared with yields of half a ton of 
soya or i.$ tons a year. Thb microacopk plant can chus yteld ten tbies 
more food per acre dun lice I 

The idea of eanng the scum of a duck-pood b nm very appetbbg and 
chlorella b not very palattble but k tnakes good catde feed a^ ie 
nourishes flshes (on fuh>fernu) to dut we can gec tc on die menu, at ooe 
remove, as a juicy steak or a fish fillet. 

Another thbg that has to be boene b mbd b that much more couid 
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be extncted &om i^aoa thao ourdy tbe tceds, roots oc ttnw. Tlie 
letves tre ptråcultHy lich ia protein and tugar and it u possibl« by 
modem tnetbodt to extcaa this letf protda. Or, agtb, there tre the 
parts of dte plants iducfa tre not digestibie by humans and have to be 
pcocessed through die nunintnts milV or be£bee we ctn 
’Roauch* them. But there tte yeasts and mkro-organtsms whkh do 
diis just as effidently at stockytrd aiumalt. 

ap. flBDIKO TBB MACBINBS 

Modem todety does not depend on food alooe. We have moved a 
loog vny tiace the Somerian peasao t fint bartered btead for a better tool 
In Britain today only one out of every twenty worken b cmployed on 
the land (as compared with ning out of ten in Siam), aoo yean ago the 
Britiih fitmer wat almoit telfeuÆdent On hu firm he could support 
hinueir, hu wtfi, a hired man, fire or tix children and possibly a few 
otbet dependants. They were all fid and clodied fiom hu firm. AU 
that he bad to buy was minimal - a fiw took and a few home amenides. 
Today, fiom a smilar firm, be would be fieding eigbty people - moscly 
indostrial worken. But it b evcn more comjdkated than that. If he 
wants a tractor (and dsere are in Britain as many tracto« as there tre 
firms) he cocmbutes to the livelihood ofa grcat many people as remote 
from hb firm as the oQ diiQcr m Saudi Arabia, the iron in 
Labtador, the rubber tapper in liberia, and tbe ctvil servant in Whito- 
hall. 

IndustriaUsacion has meant a rise in tbe nutcrial standards of lifr - 
what b called ‘prospcrity’, by wbich wc utuaOy mcan tbat we can cnjoy 
things we nerer knew we oeeded and tbal luxuiies become necessides. 
Such indostrtahsadoa in the aoo years of the ‘Steam Revoludon has 
meant cecottnc to mrtab and to fessål fiieb (coal, oil and natuial gas). In 
l8to the producson of Steel in the wodd was about ],000,000 tons. 
Today, b b about ajo,ooo,ooo tons. Tbe consumpdon of coal through* 
out the World b about 1,500,000,000 tons a year nowadayi. For our 
industrial purposes we necd vast quanririet of copper, tin, lead, 
aluminium, nickd, cobak, wolfram, etCn etc All tlut has to come out 
of the CRUt of the earth. In tbe past fifry yean more minerals have be«n 


THB rUTUSB 


as 

taken out of thc rocb of die fony-mne State* of America than had pre- 
viousty been taken out of the endre crmt of the earth dirou^ut the 
endre histoiry of Man. Mountaiiu of iron have been Ucerally sinelced 
away. 

Only a $RuU proportion of die worid'i 3.900,000.000 people are 
making usc of thote reaource* but, as more and more countrics indus« 
ttiabsc and the wortd-populadoo increases, obviously more and more 
mineraU wiO be extracted. This, almoet as much as the food problem, 
alarms some authorides. They foresee the time wben ‘indispensable’ 
metals and minerals wUl be exhausted. Wc need not worry unduly; no 
minerals are ‘mdtspensable' lince modem sdencc and tetduiology can 
be counted upon to find subsdtutes; but cvcn that will not be necessary. 
For inscance, 5 per cent of the compoddon of our world is iron, to tbat 
we could armour<p]ate the wbole planet with a layer a mile or to thick 
and tdll have a great deal left. Britam has been tal^g over 200,000.000 
tons of coal a year out of che grotind fist well over a ccntury and the 
’known reserves* are suflident for at least anotber 300 years. The coal, 
howevcr, is more difBcult to get; tbc accessible teams have been worked- 
out and it u necessary to go deeper and decper and ^ther and fitrther 
(under tbe seas) to get 11 That u true, in locaLdes, of all minerals; when 
the rich oia give out ic u necessary to work pooret oret, which means 
expensive extncdon and rcfining. Bue in the rocks and in thc sea are 
minerals sufficient for whatever man’s needs are likely to be. 

30u TUS SIØDLB OP THB BOCKS 

For as kmg at ooe can Tcmcmbct, die oil companies have been tetdng 
a time limit for the exhausdon of oiL In terms of ‘proven reserves’, 
which means what they actually know of the capadty of che oil-fields 
which they are worldng, soch prediedoos at any momeue may be 
jusdfied. Then tomebody discovcis a vast new oil-field and the pro- 
dicdoiu are fidnfied. The truth is that we know very litde, sdll, abouc die 
erust of tbe earth. 

For inscance, the United Nadon Economic Commisdon for Ada and 
the Far Bast tried to measure tbe lucural resources of south-cast Ada. 
They coUeeted aU the geological evideoce availabte and found that 
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95 per cent ofduareahtdnot becB tuiveyed ooa Kaleof gedogical 
gltiran g whkh wouU iUow eren a guess u the rcsoutces. Of the 
r emimm g 5 per cent whid) lud been adequately surveyed, oaly 3| per 
cent bad ben developed. Tbb ai per cent represented what we had 
i^lliitg 'the wealdi of the Indies*. 

The reaion for this ^ocance is that most prospecong and test boting 
has ben do« by private concecm, wbkfa are alwayi looking for tome* 
thing ia particuUr, ignoring what tbey do noc want and keeping the 
information to themselves. Professor Dudley Stamp tells bow as a 
yoong geologiit be went to pto^ect for oil in the Chindvrin Rives 
basin in Burma: 

*1 wu very mueh cxnrcd at finding a hili which leemed to be a 
solid mass of iron ore... 1 rode back two days* jouney to the narest 
telcgraph, snt cablo to tecure a p rospccong monopoly, and toadvite 
my head office in Rai^oon of my aedoo. The teply horn head- 
quartets canu qenddy. It read: What oo earth do you think is the 
good of iron ore in tie Chindwin stop get on with yout wock.** 

31 . KBW MATIBtaLS 

The vabe of minerals change. On the terrible trek acron Canada, by 
Athabasca to the Klondike, hundreds of mn died and were butied 
on top of the gold which tbey had ben going anocher thousand miles 
to find, or in tod which contained a wealth greater today ihan gold 
ittelf *■ uranium. Only a few yeais ago the most precions substance on 
earth was radium. Today radium is discaxded with the ‘tailings* of 
oraniuml In the ramdian north-west rich>yieldmg gold mir^t have 
ben dosed because the price of gold, and the requiremntt of it, arc 
fixed and the miners mighe just as well be hewiag cool or quarrying 
slate. But in the hard rocks of die Pre-Cambriao Shieid tbexe is greater 
wealth - the metals of the Atomic Age, lithium. beryllium, columbium, 
dtanium, arconium, and uranium, etc. Tbose a few yean ago were just 
labocatory curiositiei. Today tbey are the materials which the nginem 
need for reacton, for jet-propubioa and for space-engineenng. 

I. Om LMødbvfapW WerU. Mkt mi Faber, 1953 
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Dahlias growing in thc Canadian Arctic 
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The U.S. N»vy’$ ^hyseapbe Trits/e whieh dcjccndcd }7.ooo feet imo tbc Pacific - 
S.ooo fcet deepet thaa Everest b high 
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Tb» reUåve value of m«cah was sardonicaUy iDustnced durtng tbe 
'Manhaæui Project' whidi produced die atom bomb. Thete was a 
shonage of copper for wire for ekctric cotlt whidi were needed u vast 
quantity. Tbey took $70,000,000 worth of silver from the cavcs of die 
Federal Bank and used il instead 1 

Moreover, the inaceriab of industry can drastically diange tn 
character. The developæeot of cerainic matetials and, above all, of 
plastics, will o£et or replace many of the most låmiliar uta of metals. 
And one of the most cxciting developmetiB in die age of aansiston and 
automation is the use for innumerable purposes of the rilieon«. Silka b 
in unlimited abundanoe. 

)2. CAN MACHINBS BUY CABS? 

With a flick of a switefa, a modem industrial worker can command 
the cquivalent of tbe musde-dToct of a hundred tlaves. Not merely is he 
idieved of tbe stratn on his own mtades but he can magnify and make 
more preebe his own sldlls. The ultinute logic of what has been called 
'automation' is that human efl^ will be dbpensed with altogether. 
But, although a lor^ way short of machines which will breed madunes. 
the industrial worker can create abundant wealth and a tising standard 
of hving which he muse share. 

Must? In an argumem with Walter Reuthec of tbe Automobile 
Worken' Union, an American employer said, ponentoualy. that 
machines could replace his due>payuig tnembers. 

'But,' said Reuther, 'will the machines ako buy your cars?' 

Tbis was a talutary leminder that prosperhy depends not only on 
making diings but in distributing them and providing die mcaiu to buy 
them. Reuther mi^t also have added, ‘And wi& the maditnes go out 
and get their "food” - the metals and raw matcriala - (rom the itndcr- 
developed cotmtries?' 

Tbere is also economic 'catmibalbni' by which nations devour their 
own pcosperity. When everyone has a car, the roads will be unusable; 
when thete b a television in eveiy room, induduig the bathioom, hfe 
will be intolerable; and wben we are glutted with gadgets, culture will 
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die. Nadoo* ean. of coune, vainglorkxaly dirow tbeir »urplta wealth 
into Space in ihe form cf ntellite* aod redtett - Space Pyramids, for, 
remember, odicr dvilisatiooi nmUarfy boaited their mucnal succets 
and died (tom the neglect of Acit own backyatd. 

The ‘baÅyatd’ <rfthe induttrial nadoBl u dut patt ofdae planet whkh 
B ‘underdewJoped’ - diose coontiiei which are too poot to buy 
sutplota Of inveat in dic industnal plants which coold 
create thétown prospetity. Tboic are du countties adiich ate getting 
poorei and pooret as the industrial tunoos get nchet and neber. Their 

peaiants letapc d« »il fot baic subsiitence and theif wotkets, a$ primary 

producera, export the raw roateriah to make the goods which they 
cannot aSbrd to buy- 

JJ. FOWBl IS WIAtTH (aMD TICl VBRSA) 

The diipatity between wealth and poverty of countries can be 

incaiured in units of industrial enetgy as well as in anits of cunrency. If 

we coiiYcrt all eoergy (etui. oil. electridty, etc.) into ’coal equlvaleni’ 
and all currencio into sterling, we can see d« cofrdatioa between 
the pa capiUt consumption of energy and the prr tapila incotne: 


i 

Country 

bicacnem .C* 

ftr enern coniumprkMi 

in iTKOk nna of eoal equivalmt 
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W. Germany 
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79 

0-lt 

Biazil 
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Peru 


0-57 

Indu 

ao 

»•JS 

BuriM 

IS 

oa? 


Baud on UJ 4 . figutei for tosa 


(Thne are divergeodes. For iastaaee. Norwty ind Dctunaik haw ebout ebe 
lamewroipfteioeome- Norwa/i eneri ycopsumprioci u 

naulr nrice that of Deunark’f. TUt ii ex^aiaed by Denoade s iatemiw agra* 
euUuR and Norway’i eaetfy-coeiumini eketro-f rocenes.) 
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Power co«a money. The most expensive power m dic world is 
rousde'powcr and, paradoxically, thac is aS poor people caxi alTord. The 
cbeapcst power is hydco-electric -> onoe the heavy Capital coso of dams. 
turbines and generacon has been met. It is also a geogtaphical truth thac 
over 8o per cent of all the hydro>electric potendal of the world is toucb 
of the ladtude 30 * nonh, north of which, as bas been pointed out» 
lie 90 per cent ofallcoal reserves and Si per cent of all oii reserves,die 
ibssil foels which gave temperate-zooe Man the break-away in the first 
Industrial Revoludon. And south of that line lie most of the countries 
we call ‘uiiderdeveloped’. Thus a poeendal soucce of energy is abun- 
dandy available. But there are the inags: how are impoverished countiiet 
to provide the ca^tal for the hydro-electric installadoo? And great 
’beads’ of water are not necemrily convenient to een tres to be developed, 
and transminion over long di s tan c es is costly and wastclul. 

34 . ATOMIC SRORT-CUTS 

The answer which most of the undetdeveloped countries see as 
'short-cut* to the teoond Industria] Revoludon (cuice tbey mitsed the 
fint) is nuclear energy. This is a foot-loose ene^ which b not anchored. 
geologically, like coal and otl, or, geogcaphically, like hydro-dectricity. 
They see it as energy which can be disposed where it u ncodfd. 

That was theexpectadon, but it is liable to be dbappointed. There has 
been a nodceable reluctance on die pan of the Atomk Powers, which 
have die nuclear maieruls and the know-how, to deploy nuclear 
leacton in tmdecdevcloped countries. 

One of the arguments b the lisk of making available fissile fiiek and 
reactors which tnay be used to produce bombs. Wtth proper in temadoiial 
sifeguards diu hasard could be avoided. If the power uniu were pro- 
vided by an effeedve internadoRal agency - leased to the countries - the 
problems of supervision would nor be insuperable. No iU-incendoned 
parties could divert or ‘sneak’ fissile materials for misefaievous purpoies 
because the power pioduced u a fictor of the fissile materials in a reactor 
and can be casily ebedeed; in any event, it requires elaborate Chemical 
ledmdogy and Chemical plancs to reinove such material. 

Another argument is that the only economkal form of reactor u thac 
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on lutural unmum. tike Caldec Hall, tke Bntish statioa wbidi 
was the fim to "uW« commerdal dectridty awilibk from thc atom at 
co nB comparable to oonveodonal ^ueb. Socb stations, to ‘pay off, must 
be large (of thc ordet of huadreds of thoosands of kilowatts) and muse be 
worked as 'baso-load' stations. That mcans that dtcy mu« wotk twenty- 
foar hmurs a day and, dierefbte, must bc part of an clectndty grid 
system for supplying a large industrial conurbation. Thcy could thero- 
fo*e be wpplied to couotrics like Germaay, Italy or Japan, whidi are 
alfcady industrialiscd - and ean afibrd to buy. A case of •unio dicm that 
hath shall be given* I But what most of thc underdeveloped councrics 
oecdaxc'package’ reactots of lower rating, vrhidsmeansusing enricbed 
faeJs, pepping up d« nararal uranium with fissile roatcrials like uranium 
2j j or plutonium. Tha abo means, if thc rcluctant Atomic Powers are 
frank, diverting such materiab from their own mihtary stockpdes. 

A fiirthcf, and more valid, cxaise is that power is useless unlca it is 
used; that cotmtries must develop industries to absorb the power; and 
that this mcans having literaee and trained people fer the industrial 
pbnts. This is thc 'chicken and the egg' argument - you cannot have 
power until you have indusorics and you cannot have industries until 
you have power; you cannot have tndustria undl you have educattd 
and jseople and you casmot affotd to edueate and train them 

undl you have industries. 

When, at dae United Nations Second ConferciKC on the Peaceful 
UscsofAtoituc Energy in 1958. ibc spokestnan of thc Atomic Powers 
produeed thesc hopc-deferring arguments, the rcply of India was forth- 
right. Professor Hotni J. Bhabha. one of thc world’s gteat phyridstt, 
repudiated the suggestions. Hc proved the eeooomio of natural uranium 
for in^i« He showed that a conventional power sadon of 
140.000 kilowatts nceded for New Ddlu would requirc a,ooo tons of 
coal a day. To sccuse dus coal would mean enonnous invesement in 
mining, and in railways to bring dse fuel from ibe mines. Ir would mean 
1,700 wagons and jo locomotives 10 transport it He costed the finandng 
of such a coal-fuelled station and shomd that the capeal cost of a 
nuclear power station would bc less than the Capital investment required 
to get thc coal and, moreover, nuclear fud would involve no problems 
in tran^rurion. Ooee a ccactor is installed and 'cririeal', the uranium 
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repbcemcoG bulk very small indeed. India, a$ be reminded tbeoi, has 
its own abundant lupplica of uranium and tbat other fi«ofvnal 
thotium. 

35. POWBR UNLIMITBD 

Homi J. Bbabba, as President of dic Hm Conférence on tbe Peaceful 
Uscs of Atoraie Energy in 193$, put tbe cai among tbe pigeons 
by suggestmg tbe possibtlmes of fusion energy. Fusion energy is 
released in tbe conversion of hydraen into bcHum. It bad already 
bappeoed in cataclysmic propomons in tbe exploston of dse H-bomb. 
Tlw general assumpdoo. bowever, was tbat this fierce energy eould 
never be controUed. To produce it, beat aa great as tbat of die 
imerior of tbe sun is necessary and beat of diat intenaity had been pro* 
duced on carth only by tbe eiqilosion of fission bomba. Such bombs - 
sitnilar to tbote wbidi destroy^d Hirosbima and Nagasaki-were tber>- 
fore used as tbe detonators, or percussioo caps, of tbe H*bombt. So it 
appeared tbat H-energy would always bave to be accompamed by 
violcac explossoos. Bbabba, bowever, contended otbetwise. He main* 
tained that sucb energy could be controUed and tbat «d)en this was 
achieved aU dse power problems of manldnd would be solved because 
tbere would be as mueb power as there is beavy hydrogen (deuterium) 
in tbe Seven Scas, Tbat u a lot of beavy hydrogen, because tbere is ooe 
atom of beavy bydrogen to every 6,000 atoms of ordinary hydrogen 
and, of couxse, tbe water wbicb covers seven*cendis of dae eardi‘s sur&ce 
coRSSts of hydiogcsi and oxygen (H, 0 ). 

His calculated indiscretion caused constemation because at tbat time 
die Americans, tbe Russians and tbe Bridib were carrying out, in 
aecrecy, such expetisnents. Subsequent disclosu t es, including tbe Biidsb 
Zeta project, showed tbat controUed fusion was possible bot that tbe 
difilculdes were immense. To produce fusion and relea s e enc^jy mi an 
industxial scale would mcan temperatures of over 100,000,000* cents* 
grade •* ncarly seven times die temperature of tbe interior ef tbe son. 
That may seem as tbough "nn t$ becoming bombasdc, trying to excel 
the sun ttselfi but the dUTerence is that tbe sun has millions of yean in 
whichtoconvert hydrogen atoms into helium atoms and Man bas not, 
So he has to creatc higher temperatures. EveneuaUy be wiU make tbe 
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gu« tbeauelvcs produce tuck tempennira and creue tbdr own con- 
^åou offiision, in t procen which, oncenartei wiU bc »df-justaining. 

One *<»ing wbkh thould be made clear is tbat sucb a fusion engine 
do« not d«ive in »nj way firom dw escperiments or experienoe wich 
tbe H>bo<nb. Ic hu a separate geoealogy and, wbat is more, che funon 
process do« not prod^ hnion prodocta, tbose dangcrous radio- 
aedve substanc« tbe dispoaal of sdikh il tuch a problem (pp. aao-a). 

Anodier exdång poanbtbty is diat it wiD be pooible to get electriocy 
dircct &om the fusioa Wich fisnon reacton, dte heat produced 
by tbe iptitting atoms is temoved and uud to heat steam or gas« to 
drive tuibin« and generate dectzidty. Tbe beat involved in tbe fustoo 
proceu is far too great to be transférred in diis way but tbere is evety 
b kel ih ^d tbu the electridty wiO be obeaiaed with^ tbe incervening 
turbina and generators. 

This u one of the new advanc« in sdendfic tfainkiDg. It is rsot con- 
6ned to the fusion process. In 1959 a uranium battery wu annotmoed in 
America. In this the fission of uranium atoms generated beat in liquid 
cesium aod fieed eiccaons, to be taf^ and caken oS u cuireno of 
dectridty. In prindple, conveational hating metbods could rimilarly 
produce a flow of current, given a hot enough flame. 

Tbus tbe world will have access, eventuaUy. to onlimited powec 
vrhkb cao transibrm tbe conditioa of aH mankind, and expand industry, 
plumb the depths, and tap tbe bidden wacen for desett irrigatba (or 
de^t tbe sea), open up ^ climatkally fbtbidding aieu and enable tu 
to mnet food and taw micerials. But, wich dtac tceming population 
of4,000,000,000 only twenty yean away, and most of it in tbe countri« 
wbch wc call 'undødevelo^', power, and tberefbre protperity, are 
låll aggreganng in those couneri« wbiefa had had the nnwway succ«s« 
in tbe fint Indtutrial Revolution. Consetpently the gulfbetween wealth 
and poverty, u between nidons, il widening; the wealthy countri« are 
bdlding die pyiamids of tbeir piosperity and neglecring dtetr own 
‘backyards*. 


36. TBB COtfNT'DOWN 

Somewberc, somedme, tn unrecorded bistory, Man overcame his 
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fm of Ughcning aud natched the buming brand which made him 
Master of Fire. 

At j.jo a-m. on Monday. 26 July 1945, at AUmogordo in New 
Mexico, cncrgy waj reUased from tbe atom. At 45 seconds from aero 
hour, switcfaes werc thrown and electrooic gadgets took over for the 
‘count-down’. So we know to the exact secood when tbe atomic epoch 
began. 

In the first uxty yea« of the twcnticth century Man, the toohmaking 
animal made more and greater advances than he bad done in the 
previous 60,000 yean. He has conquered tune and spoce and has shrunk 
bis planet to the dimentioas round which a machine of his own crcadon 
could drcle onoe an hour. He has reacbed out for the ntoon and fer the 
sun, wich probes which are the inaaimate pilots for the human explorers 
adventuruig into Space. 

Time, in terms of Communications, has almost reacbed vanishing 
point. A radio-voice from London or New York can reach Tokyo, or a 
hase in Antarctica, foster chan u could be hcard on the other side of the 
room, becausc radio wavcs travel at 183,000 miles per second, and »und 
waves at less than 700 miles per hour. Signab ditrlnting cosraic evenls 
of 300 , 000,000 years ago can be picked up by radio-telcscopes • yet tbey 
oceuered so for away in the universe that tbey took all that time to reach 
the eartb. 

Jet-propcUed planes can carry passengers in sut and a half bours over 
die Atlantic, which the Pilgrim Fathers took 106 days to cross. 

There is no place 00 earth which is inacccssible. Antarctica bas been 
crossed and 'oceupied' by hundreds of sdendscs duiing the Intcmattonal 
Gcophysical Year. Airlinen uk the Arcdc and tbe Noifo Pole in ordinary 
scheduled Aights. The last ‘Shangri-La’ on earth, a forgocten valley in 
New Guinea, bas been discovered and its inhabitants exposed to our 
'dvilising influences’. Aircrafts and helicopten can seek out the inter- 
stices of the cardt's surfoce. 

Man can woo or bludgeon nature, acoording to his wisdom or his 
wilfolncss. He can tiiAe wich bis dimatr and produce arcihdal rain. He 
can explode H-bombs in the scracospheteand produce artifidal aurora, 
or be can disperse potson, in the form of radioaedvity, in tbe atmospberc 
on which tbe survival of his own spedes depends. He can coax die soil to 
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give hiin ibundancc or so ravage U as to dettroy bis mcans of suU* 
He can devise plants to grow where nature bas been inhotpit- 
abk. or ravage die fores: regions wberc nature has been indulgent. He 
can niakc war Oli dic invisible cnetnics wbidx causc his dueascs or hc can 
destroy che tnvisibk allks, the micro^rganmns wbicb are indispenuble 
u> his means of Hving. By tbe surgery of bis dvil eogineermg he can 
cosmctiaUy diange d« fice of bis world, or disCgurc ic for ever by hit 
mibtary engineering. 


37. AND THI COUNT-UP 

Smee Homo sapiau first covered his nakedness in fun and kiudled fircs 
in his cave, he has boen suriving to ovcrcome tbe limits of his beat 
aivironmestt. Since be ceased to be a Itiuttcr and a fbod gadicrer, and 
bccame a tillcr and a husbandman, be has been trying to order the ways 
of nature to meet tbe plenicude of liis nceds. Since hc made the first club 
to outreach his natitral enenues and eamed his hru draught animal, he 
has been trying to ovcrcome tbe iimitations of hu own physique and 
bis own Since he first discovered that metals werc more useful 

dun flints, he has been mining and quarrying the rocks. But untU 
recently such cAbm and acdvitics have been bcal or, at lease, on a scale 
wbicb had ooly local cflects. 

Qvilintions grew in gcographically confined arcas. Tbey had their 
si KffSK « and di^ failores. Thcy rcadied tbe limits of thdr rcsourccs or 
their technology. Usually thcy dcvcbpcd delusons of grandeur which 
encounged tbm in wan of conquest. Or their ostentadous wcalth 
encoura^ others to make war tipon them. Tbey tanguished or they 
pertsbed and ofieo, as in the man-made deserts of tbe Middie Bast, they 
left the havoc of dtcir dccline, not only in die ruins of dieir cides hot also 
in the ruins of die soil. But alwayi diere was anotber dvilisadon to 
reptace tbem, to »nhgf« their culture, and. too ofien, to cepeat their 
mistakes. 

Today, oiu civilisation is not bounded by the ‘Ilgru and the Eupb* 
rates; it is tbe wholc woild. It is tudi a close community, so uter- 
ihat distance has become just a backyaid fcnce. And just 
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aj wc do not likc tbc daim u d« bottom of ouf gården, wc ot 

diould not, tolcratc Povmy next door to Plenty. 

Ttw land arca of thc wodd is 135.000,000 tquare miles. Of that only 
10 fct cent has been culdvated. Wc cotild add another 10 per cent. 
merely by tlse tpread and encouragement of exisdng tnethods. Dy Capital 
cxpcndiniie, by flood control and irrigation schemes and by mechatiua- 
tion of &rm-work wc could extend dut by at least ao per 

By thc recovery of deserts, by the agricultural dcvelopment of Arcdc 
bnds and by growing at aldtudes, as the Incat did, wc could extend the 
culdvatablc accas still futtber. On the lowest esdmate, we could by sudi 
mcans support a populadon of at leau 10,000,000.000. So. bowever 
mudi we may deplorc ihem, wc nced not be terrified by figures likc 
4,000,000.000 - except that they ate only twenty yean away. k is the 
dme fitccor, not the oumbcn, tbat is the real cause for ooncem. That 
ts why thc dcvelopment of underdevdopcd countries, which inc i u d w 
industrialisadon to remove thc pressure 00 the land, is a matter of 
urgency. 

To raisc the i mpoveridted countries to the average European level of 
advanoc would mean, according to the U.N. experts, the investmeot of 
outside Capital of about ;(j5,ooo,ooo,ooo a year. This sounds a pro* 
hibtdve figorc unlcss wc have a sensc of proportion. The Times bas 
pointed out chat the bunching of the Soviet sputnik cost the American 
economy $ 13.000,000,000 in one year. This was not the cost of the U.S. 
Space programme but induded the secondary cfiects on the nadonal 
budget and die nadonal product of the usdden reoognitkm that Rossia 
was a technologica], as wcU as a miliary, compedtor. To achseve a seose 
of proportion we should ako temember that the world is tpending 
someching like ,()40,ooo,ooo,ooo a year on armaments for defcnce. For 
a &acdon of that we could bc changing living scanduds fisr all nunkind. 
So the costs of dcvelopment ate mondial and not astrooomiesL 

The facts of our situadon should appear abundantly pbtn. No one 
can doubt that mankind could destroy itself tn the stiidde-poct of a 
nudear war. Yet tbose same powets of destruedon can be tumed to 
industrial uses and to thc benefit of the human race. Almott as terioui 
u the nudear cxplcdon u the popubdon explosson. How sre 
^ P«oplé going to co-exist twenty yean from now? Unleai 
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we tead aright the lessooi of tfae Put, apply the sdencc and tecbnology 
of che Present and plan, wich wisdom, for the Puture. we ihall not find 
die aiuwer. 

Thac answec cannot Ue in Space etcursåons. No one cao, nor would 
want to, curb die resdes outreaching curiodty of Man. It u true dut. 
ihroQghout all hutory. nations have diverted thesr matehal luipluses to 
military adventures, to destruedon and killing. And if mankind could 
conceivably find « conunon purpose in Space enterprisa, it migbt be a 
radonal alternative to wars, l^t it ought to be a comenon purpose, not 
a compedtive one > not ‘tbrowing P^amids inco Space’ at tbe expense 
of our own badcyard. 

But the real answer tnust lie bere, on our own planet. Our dvilmdon 
is now global, pattemed wtth diverse cultures, ideologies and ways of 
life, but, in urou of material survival and interdependenæ, inescapably 
one. We have seen, in this book, how a proccoion of dvilisanoos 
perished and wete succeeded by others, whkh nlvaged the enduring 
values of die predecesaon. Miseakes were made on a local or re^onal 
but now they can be made on a global scale. 

Ever sinoe priméval Man nude his fint toob, dotfaed bimsdf in pelts, 
to tbst be could emerge from the tropics of his nakedness. harvested his 
fim crops so that be was no longer dependent on an elunve fr>od-supply 
and sco^ his grains so that bewaino longer cemstrained by the scasons, 
the generatiosu of mankind have been struggltng to master dieir 
eovironment. To mere survival have been added the opportunitia (or 
the fiiUer lifb, tbe material amenides and cultural enjoyments - still 
denied to the many and rejected by irnny. 

With tbe resources of modem science and technology, temperod by 
wisdom, we can escape from the limitations of past civilisations, and 
succeed wbecc they fuled. 

But, remembering tfae 4.000,000,000 people who will ihare this [danet 
in twenty yean’ dme, science and statesmanship wiil have to work fast. 
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